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Abstract 
Background: Despite concerns about widening social inequalities during the past 20 years of 
economic stagnation in Japan, evidence on health inequalities is sparse. Whether health 
inequalities are widening or narrowing, and what factors contribute to inequalities, remains 
unclear. 
Aim: To describe temporal trends in health inequalities between 1986 and 2007 and to 
investigate the contribution of material, behavioural, psychosocial and social relational factors to 
health inequalities in Japan. 
Methods: A series of eight triennial nationally representative sample surveys was analysed 
(n=398,303). Household income and a novel theory-driven social classification were used to 
calculate trends in relative and slope indices of inequality [RII and SII, respectively] in self-rated 
fair or poor [suboptimal] health. The contribution of mediating factors to the social gradient in 
suboptimal health was investigated in the 2001 sample. 
Results: In men, temporal trends in income RII narrowed over the period (RII declined 1.2% per 
year, p=0.008). Stable inequalities were observed in women’s income SII. Men’s income SII and 
women’s income RII showed marginally significant narrowing time trends. Inequalities by social 
class were constant in both genders. After imputation for missing household income, narrowing 
trends in income RII and SII were evident (annual declines: men 1.2%, women 1.1% for RII; 
both genders 0.1% for SII; all p<0.05, n=490,632). Overall, there were V-shaped time trends in 
age-standardised self-rated suboptimal health in both genders (quadratic term: men p<0.001, 
women p=0.005), with the lowest prevalence in early/mid 1990s. Mediating factors analysed 
altogether accounted for 20% in men’s and 44% in women’s income inequalities in self-rated 
suboptimal health in 2001. 
Conclusions: Health inequalities according to household income showed narrowing trends, but 
persisted over the study period. The prevalence of suboptimal health increased since the 
early/mid 1990s. Changes in the distribution of mediating factors over the period might have 
influenced the time trends observed.  
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Chapter 1. Health inequalities in Japan 
1.1 Introduction to the project 
Japan is considered an archetype of health and health equity (Marmot and Davey-Smith, 
1989, Wilkinson, 1996), and studies of inequality, whether of socioeconomic factors or health, 
have been scarce in part because of this perception. Such studies were considered to be of little 
importance in the country of ‘equality’. Before the millennium, therefore, even though there were 
studies on the extreme poor, such as those among slum districts (called doya in Japanese), 
studies on inequalities or disparities were rarely seen in the literature.  
From around the year 2000, with the publication of the book Kakusa shakai (Society with 
disparity) about growing socioeconomic disparities in Japan (Tachibanaki, 1998) and with the 
first governmental survey on the number of rough sleepers in the country, the inequalities in 
income began to gain recognition among the  public. This appears to have matched well with 
the people’s feeling of increased difficulty in their economic and working circumstances. The 
popular phrase ‘can you fight (work) 24 hours?’ of the late 1980s, which reflected the masculine 
image of corporate soldiers in the heat of a bubble economy, was long gone, and was replaced 
in the 2000s by ‘winners and losers’ and ‘kakusa’ (disparity) .  
Despite such alarming changes in Japan, information on health inequalities after the 
prolonged economic downturn and social changes is lacking. There have been ecological 
studies, using prefecture and municipalities as units of analysis, as well as studies using 
unlinked datasets in which the number of deaths was obtained from death certificates and the 
number of people at risk from census information. However, time trends in health inequalities 
have never been tested using individual linked datasets, such as repeated cross-sectional 
datasets or cohort surveys, using more than three time points. Is it still right for Japan to be 
projected as an archetype of health equity? Is Japan adopting the right policies pertaining to 
health inequalities? Are factors mainly identified in Western countries contributing equally to 
health disparity among the Japanese population? In the face of the global economic downturn 
since 2008, Japan could be an informative source on changes in health inequalities in a time of 
prolonged economic recession.  
After establishing some background details about Japan, the setting for this thesis, 
relevant theories and literature concerning social and health inequalities in Japan are reviewed. 
Through these reviews, gaps in knowledge are identified and addressed in Chapters Four to Six. 
Chapter Two lists the study aims and objectives, while Chapter Three describes the data, 
variables, and methods used in this thesis. Chapter Seven summarises the findings and 
discusses them in the context of the thesis’s aim, objective and hypotheses. 
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1.2 Study setting – Japan 
1.2.1 Population 
Japan is located in the far east of Asia and in 2008 had a  population of 127.6 million 
(Ministry of Internal Affairs and Communications[MoIAC] n.d.-a). The land area of Japan is 
about 1.5 times that of the UK (CIA, 2010). In the year 2000 Japan’s population density per 
square kilometre was 333, around a third greater than the UK’s 242 (United Nations Department 
of Economic and Social Affairs, 2010). 
 In general, the country is highly ranked in human development with high educational 
attainment (mean years of education 11.5), low homicide rate (0.5 persons in 100,000), low 
under five years child mortality (4 in 1,000), and the longest and most equal distribution of life 
expectancy in the world (United Nations Human Development [UNDP] n.d.). In terms of gender 
inequalities, however, Japan was ranked 101st among 135 countries being evaluated with 
respect to education, health, economy and political participation in 2012. Gender equality in 
average educational level and in healthy life expectancy was satisfactorily achieved in Japan. 
Political participation measured by the gender difference in members of parliament and minister 
level politicians as well as economic participation measured by percentage of women having a 
senior rank remained highly unequal in Japan (Hausmann et al., 2012). 
1.2.2 Demography 
The demography of Japan may be characterised by a rapidly ageing population, which, 
since around the 1990s, has had a mean age greater than that of the UK population. The old 
age dependency ratio, the size of population aged over 65 versus those aged 20-64, was 
greater in the UK up until 2000, but since then that has been reversed. Due to the decline in 
fertility rates in Japan, child dependency rates have been greater in the UK since around 1990 
(United Nations Department of Economic and Social Affairs, 2010). The working-age population 
in Japan has been declining: the number of workers supporting one elderly person was around 
9 persons in 1961 and it was 2.4 persons in recent statistics. These trends anticipate severe 
declines in future material living standards in Japan, if the economy continues on its current 
trajectory (Takasaki et al., 2012). 
1.2.3 Ethnic composition 
Japan is a largely homogeneous country in terms of ethnicity. The foreign-national 
population remained constant at around 0.6% largely in the late 20th century, but this increased 
during the 1990s to 1.0% in the census of 2000. The largest non-Japanese minorities were 
Korean including North Korean (40.4%) and Chinese (19.3%) (Statistics Bureau, 2004). 
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1.2.4 Epidemiological profile 
A Japanese epidemiological transition occurred around the mid-20th century. Japanese 
longevity was much shorter than that of the Western population in the past. Before World War II, 
major causes of death were associated with the early pre-epidemiologic transitional stage such 
as pneumonia, tuberculosis, gastroenteritis and influenza, but these were replaced by 
cerebrovascular disease, cancer, and cardiovascular disease after World War II (Omran, 2005). 
Figure 1 shows the historical trend in crude rates of major causes of death between 1899 and 
2008 while Figure 2 presents age-standardised death rates for men between 1950 and 2008. 
Women’s trends are not presented since these were similar to men’s. Nowadays cancer 
accounts for 30% of total deaths, which is followed by cardiovascular disease (15.9%) and 
cerebrovascular disease (11.1%) (Ministry of Health, Labour, and Welfare[MHLW], , n.d.-a). 
Since 1986, female life expectancy at birth has been the highest in the world, and healthy life 
expectancy was also the highest in 2007 (Ikeda et al., 2011).  
Figure 1 Crude rate of major causes of death, 1899-2008 
 
 
 
(Source: Statistics Bureau, n.d.-a) 
No account was given by the Statistics Bureau on the Cerebrovascular disease trend in 1994/1995, but it 
was considered to be due to the effect of the replacement of ICD10 to ICD9 in 1995 (Murakami et al., 
2011). Men and women were combined. 
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Figure 2 Age-standardised major causes of death in men, 1950-2008 
 
 
 
(Source: Statistics Bureau, n.d.-a) 
No account was given by the Statistics Bureau on Cerebrovascular disease trend in 1994-1995, but it was 
considered to be due to the effect of the replacement of ICD10 to ICD9 in 1995 (Murakami et al., 2011). 
Age standardisation used population structure of Japan in 1985. 
1.2.5 Health-related behaviour 
Health-related risk factors show substantial gender difference in Japan. There are also 
some important differences from the UK. In 2008, in Japan, the age-standardised prevalence of 
people with a body mass index of more than 30 was 5.5% and 3.5% in men and women, 
respectively, whereas it was 24.4% and 25.2%, respectively, in the UK (WHO, n.d.). In 2007, 
pure alcohol consumption per capita for adults was 7.3 litres per year per person in Japan, less 
than the UK’s 11.4 litres (WHO, n.d.). In 2009, about 42% of men and 12% of women were 
smokers in Japan while these were 25% in men and 23 % in women in the UK  (WHO, n.d.). 
Nutrition intake per person per day, not age-adjusted, has decreased consistently between 
2,200 and 2,300 kcal in the 1960s, to 1,900 kcal in 2004 (Statistics Bureau, n.d.-a). This decline 
may relate to changes in industrial and domestic circumstances and the plateaued 
westernisation of the Japanese diet (Tsugane and Inoue, 2010). Overall, apart from smoking, 
Japanese health-related behavioural factors are relatively good compared with the UK. 
1.3 Recent social changes – macro economy and labour market 
In the early 1900s Japan’s economy was far below that of Western countries, but it has 
grown rapidly since the 1950s. Japan has been the second largest economy in the world since 
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1968 (NLI Research Institute, 2006) until China overtook it in 2010 (Hamlin and Yanping, 2010). 
Gross National Income per capita has been similar for the UK: in 2009 it was $33,280 for Japan 
(PPP, international US$), a little less than the UK’s $37,360 (Duncan et al., 2002).  
One of the important changes which occurred around the early 1990s in Japan was the 
end of steady growth which had continued for some decades. The growth rate hit 0.2% in 1993, 
which was noted as the time of the collapse of the bubble economy (CAO, 1993). The trend in 
gross domestic product [GDP] per capita (yen) ceased to increase and became flat (Figure 3), 
and GDP growth rates have hardly gone above 3% in recent years (Figure 4).  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: (CAO, 2009a)  
 
Figure 3 Japanese GDP per capita (1,000 yen) trends, 1955-2009 
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Figure 4 Japanese GDP growth rate (%) and total unemployment rate, 1971-2008 
 
  
Source: (OECD, n.d.) 
 
In the effort to recover from prolonged economic stagnation, there were major labour 
market changes in the late 1990s in Japan. The gradually increasing unemployment rate since 
the collapse of the bubble economy brought anxieties to the Japanese for the first time in 
decades about their own living circumstances as well as the future of the country (Hein, 2008). 
The percentage of people having (unspecified) anxiety consistently increased from the early 
1990s to the late 2000s, and anxieties about financial circumstances, income and plans for 
future living (in old age) appeared to have increased relatively more than other types of worries 
such as relationships to others, studies and other general aspects of life (MHLW, 2011). The 
consumption of goods declined, perhaps partly on account of declined mood and increased 
motivation to save for the future. This led in turn to a suppression of economic activity and a 
downward spiral of the economy (Tachibanaki, 2006). In order to reverse this vicious circle, 
employment practices such as life-time employment and wage increases based on seniority, 
regarded as key to Japanese economic success in the 1970s and 80s, were considered in need 
of ‘modernisation’, as barriers to economic competition and growth. Under pressure to 
modernise these employment practices, the government adopted neo-liberal oriented economic 
and labour policies in the late 1990s (Hein, 2008). Although the degree of neo-liberalisation was 
controversial, some scholars arguing that ‘neo-liberal’ policies in Japan were substantially 
Japanese-oriented and not true neo-liberal policies at all, the relaxation in labour regulations as 
well as the modernisation of the ‘old’ employment practices began to take place (Kawanishi and 
Mouer, 2003). The wage/salary system was restructured to be based more and more on merit 
rather than seniority. Competition between companies intensified, and early retirement, 
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redundancies, including ‘involuntary’ redundancies, and the replacement of permanent workers 
with non-regular workers increased (Tachibanaki, 2006, Brinton, 2010, Casey, 2005). 
Consequently both the unemployment rate (Figure 4) and the rate of non-regular employment 
(Figure 5) continued to rise. There were some small recoveries in the economy in the early 
2000s, yet whether these benefited workers was questionable: even in the mid-2000s, wages 
continued to decline, new recruitment levels continued to be suppressed, the use of a non-
regular (cheap) labour force rather than permanent employment prevailed (CAO, 2006), and 
competition between companies was further intensified (CAO, 2007).  
In summary, therefore, since the early 1990s the economic and social environment of 
the working-age population has substantially deteriorated. The early shock of the collapse of the 
bubble economy was mixed with anxiety about their life and the future of the country. Changes 
in employment practices in the direction of neo-liberal policies would have exacerbated job 
insecurity. There has not been a strong economic recovery or changes in policies which might 
have dispelled such negative feelings among the Japanese population.  
Figure 5 Percentage of regular and non-regular workers by gender, 1984-2009 
 
 
 
Source: (Statistics Bureau, n.d.-a) 
 
Along with these economic and social changes, the age-standardised suicide rates 
increased in 1997/1998, particularly in men, and they have remained at this level (Figure 6) 
(CAO, 2008). Although this does not necessarily imply a direct linkage between the economic 
and social changes and suicide, the adverse influence of job insecurity on mental health, 
including on suicide rates, and self-rated health has been reported in Western countries 
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(Stansfeld and Candy, 2006, Ferrie et al., 1995, Laszlo et al., 2010). A recent review on the 
association between political restructuring and health inequalities reported that neo-liberal 
reforms have potentially widened or entrenched but not reduced health inequalities in 
Scandinavian countries, New Zealand and the US (Beckfield and Krieger, 2009). Furthermore, 
in New Zealand, there was an increase of absolute socioeconomic inequalities in mortality 
among young adults because of the large increases of socioeconomic disparities in mortalities 
of suicide and unintentional injury (Blakely et al., 2008). These reports lead to the question on 
the time trends of health inequalities in Japan over the period of these substantial economic and 
labour policy changes. 
 
 
(CAO, 2008) 
1.4 Social stratification in Japan 
1.4.1 The concept and indicators of social stratification 
Studies of health inequalities focus on the socially patterned distribution of health, often 
noting the greater probability of poorer health in individuals in socially and economically 
disadvantaged and less resourceful positions. It is a system of social stratification which 
generates such unequal positions within a society, socially valued goods and resources being 
distributed unequally along with the stratified position within that society. Mechanisms to 
generate unequal social positions among a population may differ by societies and at different 
times. Caste, for example, is still an important determinant of social position in some societies; 
Figure 6 Age-standardised suicide rates, men and women, 1971-2007, Japan 
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kinship and religion may be the keys to power over resources in others. The concept of social 
stratification in industrialised capitalist society goes back to both Marx and Weber. 
With the development of machine technologies and large-scale production, Marx was 
concerned about social division resulting from the exploitative nature of capitalist society, and 
considered that such division controls the patterns of people’s daily lives (Flacks and Turkel, 
1978). Class conflict was inherent between the proletariat, who sell their labour power and are 
exploited by the bourgeoisie, and the bourgeoisie, who own the production process and control 
the workers (Crompton, 2010). His theory was developed further by incorporating the concept of 
a ‘middle class’, which both exploits and is exploited. One of the classifications which took this 
approach is Wright’s schema  (Wright, 2006). Wright introduced a theory of ‘contradictory class 
location’ which posits that the middle class belongs simultaneously to both the capitalist and 
working classes, and that membership of the middle class involves activities to manage and 
discipline other workers without having much control over organisational policies (Galobardes et 
al., 2006b, Muntaner et al., 2003). The idea has been tested, and studies have found an 
indication of potentially poorer health among low-level supervisors (Muntaner et al., 2003, 
Muntaner et al., 1998). 
Weber, on the other hand, focused more on the individual than on the macro structural 
level, being concerned with the distribution of goods, economic opportunities, knowledge, 
assets, and skills by which individuals earn income (Lynch and Kaplan, 2000). The differences 
in the level of possession of these resources are generated by the individual’s relation to the 
means of production, and generate, in turn, various groups to which people belong and in which 
they share beliefs, values, circumstances, life styles (such as clothing, marriage patterns, eating 
habits), and eventually ‘life chances’ (Muntaner et al., 2010, Abel and Frohlich, 2012). Although 
Weber also recognised the structural division generated by productive activities – i.e. whether 
one is an owner of a business or a worker employed by business owners – as an important 
factor influencing ‘life chances’ (Lynch and Kaplan, 2000), he focused more on the aspect of ‘life 
chances’ at the individual’s level as indicated by, for example, education, occupation and 
income. This approach of Weber using various factors as indicators of structural mechanisms 
generating unequal social positions has been used by social epidemiologists to indicate the key 
mechanisms linking social stratification and health (Lynch and Kaplan, 2000).           
1.4.2 Socioeconomic position 
In this thesis, the term socioeconomic position [SEP] is used to refer to a broad concept 
of socially stratified position. SEP, socioeconomic status and social class have been used 
interchangeably, although these terms measure different dimensions of social position (Blane, 
2006a). The term SEP, rather than socioeconomic status, is used as the word ‘status’ is linked 
more to domains such as prestige or status-related characteristics and obscures other 
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dimensions such as material and non-material resources which are equally important in shaping 
differences in health (Bartley, 2004, Galobardes et al., 2006a, Krieger et al., 1997).  
Some sociologists consider that social class expresses the critical structural position of 
individuals in a modern society – hence the concept is not one of the components of SEP, but 
rather is the foundation of SEP. However, in social epidemiology, it appears to be common to 
consider social class as one of the components of SEP. This would be because the interests of 
social epidemiology are to quantify and clarify the causes of diseases and the pathways by 
which social conditions influence health. Social class has been considered to indicate a unique 
dimension of SEP, which is different from dimensions measured by other SEP indicators such 
as income and education (Galobardes et al., 2006a, Geyer et al., 2006). Therefore, in this 
thesis, SEP is used as a collective term to include various indicators of SEP. 
1.4.3 Social stratification in Japan 
1.4.3.1 Social class 
The use of the concept of social class is less common in Japan than in the UK, and 
sociologists have long debated whether the Western-born concept of social class could be 
applied to Japan as the historical context of industrialisation is so different from that of Western 
countries. Those sociologists who take the position that the concept of social class is not 
applicable to Japan consider that Japanese work-related circumstances have differed 
historically from those of Western countries in that Japan has maintained pre-industrial 
institutions (household (‘ie’, in Japanese) and community) in modern employment practices. The 
feudalistic elements of household and community were translated into life-time employment and 
company-based welfare schemes around the period between the two world wars. These 
employment styles were carried on into post-war employment practice, and praised as being a 
key to the economic success of Japan in the 1970s and 80s (Hein, 2008). Thus, industrialisation 
did not change the core characteristics of the social structure of Japan (Nakane 1970, taken 
from Ishida et al., 1991). It was argued that, in contrast to ‘horizontal’ stratification between 
capitalists and workers in Western countries, lifetime employment and within-company welfare 
schemes in Japan produced a different ‘vertical’ form of stratification. In this form of 
stratification, social identities were shaped according to enterprises rather than to jobs within 
enterprises, and conflicts arose between companies, rather than between classes. These 
conditions, it has been argued, have made the concept of social class irrelevant to Japan 
(Nakane, taken from Ishida et al., 1991). 
 Others, however, have considered the application of the Western concept to be relevant 
to Japan, and studies have reported social class disparity in relation to income, educational 
attainment, occupational prestige, political party support, class identification, upward/downward 
mobility chances, and psychological functioning (Hashimoto and Miyasaka, 2000, Ishida, 1993, 
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Ishida, 2010, Shirahase, 2001, Kohn et al., 1990). The relative chance of being in the same 
class as one’s father was smaller in Japan than in the US but greater than in Germany (Ishida, 
2010). These sociologists considered that feudalistic privilege ended in the late 19th century and 
society was stratified along with the progress of industrialisation (Tominaga, 1969, Hashimoto, 
1998). Moreover, life-time employment, which was used to emphasise Japanese distinctiveness 
from Western countries, was observed only in well-established large companies (Tominaga, 
taken from Ishida et al., 1991) which accommodated only a proportion of workers (Lincoln 2001, 
taken from Casey, 2005, Rebick, 2005). A substantial proportion of the workforce works in small 
to medium-sized companies or is self-employed, and does not necessarily enjoy such security 
and welfare benefits (Brinton, 2010, Casey, 2005). This situation appeared to be quite similar to 
that seen in Western countries. Indeed, despite the lack of consensus regarding the applicability 
of the concept to Japan, studies have reported class inequalities in various dimensions, and the 
inequality in generational class mobility was in the range found in Western countries. 
1.4.3.2 Income inequality 
Although not as large as in the USA, there were clear social class differences in mean 
income in Japan in 1975 (Brinton, 2010, Ishida, 1993). Table 1 shows that mean income of the 
employer class was 69% higher than that of the non-manual working class in Japan, and that of 
the skilled, semi-skilled and non-skilled working class was 12% lower. Persisting class inequality 
in income was reported in working-age national samples in the late 1990s and early 2000s 
(Ishida, 2010). 
Table 1 Mean individual income by social class in 1975: Japan and the USA 
 
Social class Japan USA 
Employer class 169 248 
Petty bourgeoisie 98 135 
Managerial and professional class 136 118 
Non-manual working class 100 100 
Skilled working class 88 99 
Semi- and non-skilled working class 88 77 
 
Source: (Brinton, 2010, Ishida, 1993); Income for non-manual working class was the reference and set as 
100. 
 
Some authors have noted that Japan had achieved an unusually equal distribution of 
income around the 1970s and 80s, with a Gini coefficient, a measure of equality in a distribution 
with 0 indicating perfect equality and 1 perfect inequality, of around 0.25 in 1970 (Tachibanaki, 
2006, Hein, 2008). However, since the 1980s, income inequalities in Japan have been gradually 
increasing. One may consider that this is because of ageing, as Japan is known for its rapidly 
ageing population, and pensions are in general smaller than working-age salaries. The fact that 
earning inequalities among full-time workers have even lessened between 1994 and 2003 in 
Japan might seem to support such an explanation (Randall, 2007).  
Chapter One | 12 
 
 
 However, income inequalities have increased when data were restricted to working age 
(18-65 years). The Gini coefficient for income before taxes and government transfers has 
increased from 0.31 in the 1970s to 0.36 in 2000 (Randall, 2007). There has also been around a 
10% increase in the coefficient for income after taxes and government transfers for the working-
age population from the mid-1980s to 2000s (15-65) (OECD) (Figure 7). 
The increases in income inequalities were considered to be because of  changes in 
taxation and the labour market (Tachibanaki, 2006). Value-added tax was introduced in 1989, 
which imposes tax regardless of income level. At the same time, since the late 1980s, 
progressiveness in taxation, i.e. greater tax for those who earn more, has substantially reduced 
(Tachibanaki, 2006). As a result, the effect of tax and transfer (redistribution of money after 
taxation) has been noted to have less impact in Japan than in other high income countries: in 
1994 the difference in the Gini coefficient in income before and after taxes and transfers was 
smaller in Japan (-0.08) compared to  -0.11 for the US and -0.26 for Sweden (Oxley et al., 
1999). The key factor in the increased income inequality before taxes and government transfers 
was the increase in non-regular workers who are paid at only 40% of full-time workers’ pay  
(Randall, 2007). 
Along with the general increases in income inequalities, absolute poverty, defined as the 
proportion of people with an income below that which made them eligible for welfare assistance, 
was estimated to have increased from 6.2% in 1980 to 13% in 2002 (Tachibanaki, 2006). In 
2009, the government published a relative poverty rate for the first time since the 1960s 
(Bungeisyunju, 2009), signifying that increased inequalities since the 1990s had obtained official 
recognition. Relative poverty, defined as the proportion of people with below half of the national 
median household-size standardised income, was 14.6% in 1998 and 15.7% in 2007, well 
above that of the UK (11.3%) and the OECD average (11.1%) (MHLW, 2009a, OECD, 2011).  
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Figure 7 International comparison of Gini coefficient for working age (15-65) in selected 
countries 
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Source: (OECD, n.d.), after tax and transfers, current definition. Square: US; triangle: UK; circle: Japan; 
diamond: Sweden. Japanese data for 1990 was not reported. 
 
In summary, although Japan is considered to be a country of ‘equity’ where inequality 
may have seemed less relevant, SEP measured by social class and income has consistently 
shown inequalities among the Japanese population. Recent social changes following the 
economic recession and increasing income inequalities have raised the concern as to whether 
health inequalities have been exacerbated. In order to examine the extent to which this subject 
has been explored, this thesis, after giving a brief review of theories and mechanisms of health 
inequalities, will present a review of the existing literature on health inequalities in Japan. 
1.5 Changes in living environment over the time 
There have been substantial changes in working and living environment since the latter 
half of 20th century in Japan, and this may have generated two contrasting factors potentially 
exerting different influences on social inequalities across cohorts. One is the substantial 
improvement in the social environment over the past few decades, which may be beneficial for 
recent (younger) cohorts. The other is the deterioration in the social and working environment 
since the early 1990s, which may have an adverse impact on younger cohort. 
As discussed earlier, in Japan, compared to the society before the Second World War, 
the distribution of power and income since the war has been substantially equalised, and living 
standards have improved. Before the Second World War, social and economic resources were 
controlled by a handful of aristocrats and military elites, and income inequality measured by Gini 
coefficient was very high, estimated at around 0.42 to 0.65 (Tachibanaki, 1998). After the end of 
the war, the level of the economy was much lower in Japan when compared with Western 
US 
UK 
Japan 
Sweden 
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countries. The country gradually improved its living standards along with its economic 
development, and social equality has been promoted by the implementation of various social 
restructures in the 1940s and 1950s (Bezruchka et al., 2008). Income inequality by Gini 
coefficient dropped from 0.31 in 1963 to around 0.25 in 1970 (Tachibanaki, 1998). Japan 
became the second largest economy in the world in 1968 (NLI Research Institute, 2006), and 
the economic gains appeared to be shared among the population relatively equally; as much as 
90% of people considered themselves in the ‘middle class’ in the 1970s (MHLW, 1980). Older 
cohorts, those in their 40s and 50s in 1980s, were born in the 1930s and 1940s. The life course 
of these cohorts would be substantially different from those of cohorts born more recently. 
On the other hand, however, cohorts born in the 1970s reached the age of labour market 
entry in the 1990s as the recession began. Some sociologists, therefore, consider that this 
generation may carry greater social inequalities within it than other generations. This is because 
declines in demand in the labour force resulted in high rates of unemployment in young people 
with low educational qualifications from the late 1990s to the early 2000s (Brinton, 2010). Since 
the recruitment of new employees heavily targets new graduates, and it is rare for companies to 
employ mid-career workers, success or failure at the beginning of the working life has strong 
implications for all the following working years (Brinton, 2010). Therefore, the low 
socioeconomic group in cohorts born in the 1970s may have had greater difficulty in acquiring 
good jobs, and this may have resulted in larger health inequalities within these cohorts. 
These different life-course experiences according to younger or older cohort may result in 
different social, and subsequently health, inequalities. Therefore, when the interest of 
assessment is changes over time, as this PhD project, it is important to examine whether such 
cohort differences may exist in time trend in health inequalities over the time.  
1.6 Health inequalities and mechanisms 
Social epidemiologic studies, which link social conditions and health, have been 
extensively conducted in Western countries, and systematic differences in health according to 
SEP among a population have been reported. Mediating factors are the mechanisms through 
which differences in health according to SEP have been generated. Several mediating 
pathways, such as behavioural and psychosocial, have been identified (Brunner, 2007, Bartley, 
2004, Marmot and Wilkinson, 2006). A brief summary of what is considered to be the general 
consensus among researchers regarding the major pathways is given below, after a description 
of how the mediating factor may be more or less relevant to a particular society and of how 
study design and outcome may affect the extent explained by these factors. 
The magnitude of impact of a particular pathway differs according to time, place and 
gender because the degree of correlation between health-damaging/promoting factors and SEP 
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varies. For example, socioeconomic characteristics of people who smoke change by time 
because those who are affluent are the first to take up the habit but also the first to give it up 
(Adams and White, 2007). Additionally, men are the first to engage in smoking but also the first 
to stop smoking (Bobak et al., 2000). Countries which became rich earlier, such as the UK, 
would be at a more advanced stage of tobacco smoking, and therefore socioeconomic 
differences in smoking behaviour may be large because, after a high prevalence of tobacco 
smoking, affluent people moved to a stage of giving up smoking for their health. Japan, 
however, developed much later than the UK and here the prevalence of tobacco smoking was 
still high in men in the 1990s, and the socioeconomic difference is small (Bobak et al., 2000).  
The amount explained by a particular mediating factor will depend on the exposure and 
outcome of interest, as well as on the study design. While the contribution of material factors 
and behaviour were large on the association between education and all-cause mortality 
(Schrijvers et al., 1999, van Oort et al., 2005), psychosocial aspects had a larger impact than 
material or behavioural factors on mental health outcomes (Ploubidis et al., 2011). Furthermore, 
when a study takes account of accumulation of exposure, the amount explained by a particular 
factor may be different from what it was in a cross-sectional study design or cohort study which 
only took account of baseline information: health-related behaviour such as smoking, alcohol 
consumption, diet and physical activities explained 42% of inequalities in all-cause mortality 
when behaviour at baseline survey was considered, whereas these factors explained 72% when 
the study took account of repeated assessments of behaviour (Stringhini et al., 2010). 
Therefore, although the summary below will describe the major pathways of health 
inequalities, the amount explained by a given pathway would depend on the characteristics of a 
given society as well as study design and outcome of interest.  
1.6.1 Materialist and neo-materialist approach 
The materialist approach considers health inequalities in relation to structural differences 
in material conditions, such as quality of housing, overcrowding, access to local amenities, 
pollution and occupational hazards. Socially disadvantaged individuals are more likely to be 
exposed to factors linked to ill health through poorer material conditions (Blane et al., 1997). In 
the past, material conditions represented the most important health determinant because 
housing, sanitation, water supply and nutrition were the important risk factors for infectious 
disease. Even with a high standard of living in modern societies, homeownership, housing 
problems, level of material sufficiency, and the degree of crowdedness in accommodation have 
still been found to make independent contributions to adult health (Macintyre et al., 2003, 
Ellaway and Macintyre, 1998, Mackenbach and Howden-Chapman, 2002, Macintyre et al., 
1998, Pikhart et al., 2003). Differences in health status may be caused by physical structure and 
indoor conditions such as heating (or lack of it), damp, mould, pollution, lack of timely repairs 
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and refurbishment (Windle et al., 2006). Therefore, the unique contribution of material 
conditions should not be overshadowed by other approaches which are more extensively 
studied (Blane et al., 1997).   
One other aspect of the material approach is a ‘neo-material’ approach which considers 
health inequalities in relation to public provision of and investment in services, benefits, 
availability of goods, environmental control and infrastructure. In this approach, income 
inequality is taken as a manifestation of societal character which indicates the equality of 
distribution of social resources (Bartley, 2004, Lynch et al., 2000). For example, age-adjusted 
mortality was smaller in areas where the distribution of income was more equal, and this was 
connected to public investment in education being measured by library books per capita 
(Kaplan et al., 1996). Greater investment would not be limited to libraries but would be likely to 
indicate greater investment in other aspects of social services, living environment and basic 
infrastructure. The cluster of better social conditions provides a greater chance of better health 
for the population. 
In Japan, material factors, such as home or car ownership, housing conditions, 
crowdedness or housing tenure have rarely been considered in the context of social or health 
inequalities. It has been reported that 70% of households owned their house when annual 
household income was less than 2 million yen (around £15,400), while 97% did so when income 
was more than 10 million yen (£76,900) (Hirayama, 2010). However, only a series of studies on 
health inequalities in old age conducted by Liang and colleagues included housing tenure 
(owning home or not) and showed no independent influence of this on health (Liang et al., 
2003b, Liang et al., 2003a, Liang et al., 2002). It has not been documented using the working-
age population in which the socioeconomic variation in housing tenure may be greater due to 
the increased difficulty in acquiring a home: in addition to the prolonged economic recession 
since the early 1990s, the price of property increased in the late 1980s (Tachibanaki, 1998). It is 
of interest, therefore, to examine the contribution of material factors in the context of Japanese 
health inequalities.  
1.6.2 Behavioural approach 
The behavioural explanation of health inequalities considers health-promoting or 
damaging behaviours, such as tobacco smoking, excessive alcohol drinking, physical activity, 
dietary habits, and health care usage, in relation to SEP (Davey Smith et al., 1994). The 
behavioural aspect of health and health inequalities gathered attention since these were 
considered to be ‘modifiable’ risks for chronic conditions and diseases (Manson et al., 1991, 
Rimm et al., 1995, Stein and Colditz, 2004). Although it is not always explicit, this approach 
often assumes that health behaviours are socially patterned in relation to individuals’ social and 
demographic backgrounds. 
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In Western countries, socioeconomic differences in behaviour have been found in 
smoking, alcohol consumption, physical activity, and dietary habits with unhealthier behaviour 
clustered among the lower socioeconomic hierarchy (Patterson et al., 1994, Turrell et al., 2002, 
Lynch et al., 1997, Emmons, 2000). Such disparities were understood to have been shaped 
because health-promoting or damaging behaviour and information were obtained and shared 
through interactions in a shared social context, such as family (Leonardi-Bee et al., 2011), 
schools and workplaces (Lynch et al., 1997, Furst et al., 1996). At the same time, life would be 
more stressful for people at lower SEP due to an unrewarding daily life, and this may reinforce 
needs for unhealthy behaviour such as smoking, drinking, and comfort-eating (Siegrist, 2000, 
Blum et al., 1996, Graham, 1987). Furthermore, the expectation of long life is less in low SEP 
(Wardle and Steptoe, 2003), and this may have discouraged people at low SEP to make the 
effort to engage in health-promoting habits as much as the people at higher SEP.  
As discussed earlier (p.14), cultural differences in certain behaviours and a change of 
distribution of behaviour over time are another important aspect of the behavioural approach 
(Cavelaars et al., 2000, Davey Smith et al., 1994). This is seen in the rapid adoption of certain 
behaviours, such as smoking, in higher socioeconomic groups compared to the gradual take-up 
in lower groups, and fast giving-up of unhealthy behaviours in higher socioeconomic groups 
compared with gradual cessation in lower groups. A recent review article reported that such 
changes in associations between SEP and prevalent behaviour along with economic 
development have been seen in both Western and Asian countries (Adams and White, 2007). 
Japan seems to be behind countries such as the UK in terms of cultural stage: studies 
have reported that higher education was associated with greater value of waist-to-hip ratio in 
1994 (Anzai et al., 2000); that higher occupational grade was associated with higher body mass 
index (Ishizaki et al., 1999); and that higher occupational grade, as well as higher education, 
was associated with lower high density lipoprotein [HDL] cholesterol (Martikainen et al., 2001). 
In terms of smoking, although higher occupational grade was associated with less smoking, the 
prevalence of smokers was quite high, 57%, in the 1990s (Anzai et al., 2000, Martikainen et al., 
2001) as well as in the early 2000s (57% in men) (Fukuda et al., 2005a). This would indicate 
that the cultural stage in the transition of Japanese behavioural change was behind that of the 
UK where the prevalence of smoking is much lower, around 25% in men in 2009 (WHO, 2011), 
and that Japan had not reached the stage which firmly links healthier behaviour with higher SEP. 
Indeed, occupational grade inequalities in health-damaging/promoting factors appeared to be 
steeper and more consistent in the UK than in Japan (Martikainen et al., 2001). Therefore, 
health inequalities explained by behaviour would be lesser in Japan than in the UK, and such a 
tendency may be even more so in health conditions involving a certain length of latency period, 
such as tobacco smoking and cardiovascular events (Centers for Disease Control and 
Prevention: National Center for Chronic Disease Prevention and Health Promotion: Office on 
Smoking and Health, 2010). The contribution of behavioural factors on health inequalities may 
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be delayed by such a time lag, and it is necessary to be aware when interpreting study findings 
of this historical background of the socioeconomic distribution of health-related behaviours in 
Japan. 
1.6.3 Psychological approach 
The psychosocial explanation emerged when conventional explanations, such as 
material, behavioural and biological mechanisms on aetiology, failed to account for the 
differences in disease susceptibility among people (Krieger, 2001, Lynch et al., 1996, Bartley, 
2004). The psychological approach recognises that the availability of resources to cope with 
stressful situations is closely associated with socially patterned emotions, the distribution of 
power and control, various forms of discrimination and the fairness of society (Brunner, 2007).  
The process via which stress influences physical health involves the so-called ‘fight-or-
flight’ or ‘wear and tear’ response through the neuroendocrine system, and it is a combination of 
acute and slow responses. In acute response, sympathetic nerve endings and adrenaline 
accelerate heart rate, blood pressure, sweat and sensory vigilance (Brunner and Marmot, 
2006). Acute stress also relates to various physiological responses including increases in a 
range of inflammatory markers which lead to future cardiovascular diseases (Steptoe et al., 
2007). Slower response releases cortisol and other hormones into the blood in order to maintain 
metabolic functions during emergency. Repetitive exposure to stress leads to continual attempts 
to adapt to circumstances and maintain physiological and behavioural stability using both 
response systems. This results in a cumulative biological burden, which leads to a less effective 
physical response system (McEwen, 2000, Brunner and Marmot, 2006, McEwen and Wingfield, 
2003). As a result, stress, in particular chronic stress, is linked to poor health outcomes. An 
example can be seen from a recent meta-analysis combining 13 cohort studies which reported 
that the risk of coronary heart disease incidence was 23% greater for those who reported job 
strain at baseline survey compared to those who did not (Kivimaki et al., 2012). 
Stress mediates health inequalities not only by direct influence but also indirectly through, 
for example, behaviour. Stress was found to be associated with smoking (Heikkila et al., 2012) 
and metabolic syndrome (Chandola et al., 2008, Lallukka et al., 2008), which in turn are 
associated with various future health outcomes. Also, stress may cause sleep problems 
(Elovainio et al., 2009), and this has been linked to various health conditions including, for 
example, a reduced cognitive function (Fortier-Brochu et al., 2012) and depression (Baglioni et 
al., 2011).  
In Japan, although there have been some limited number of studies which examined 
socioeconomic distribution of stress, the extent of mediation due to stress was not well explored 
in the general population. Studies have reported that a lower SEP was associated with greater 
Chapter One | 19 
 
 
prevalence of high strain or perceived stress (Kawakami et al., 2004a, Tsutsumi et al., 2011, 
Saijo et al., 2008, Fukuda et al., 2005a). Occupational grade difference in the distribution of 
psychosocial stress measured by a demand and control model (Karasek, 1979) was observed 
among civil servants in the UK, Finland and Japan, while the gradient seemed to be much 
steeper in the UK than in Japan (Sekine et al., 2009).  
In relation to recent social changes in Japan, it has been noted that there is increasing 
pressure for early retirement for older age workers, and also that higher grade employees’ 
salaries were particularly affected by the change from the seniority wage system to a merit-
based wage in the late 1990s and early 2000s (Casey, 2005). It is of importance to examine 
how stress has contributed to health inequalities in Japan in recent years, given the substantial 
social changes and increased job insecurity, which have not been limited to those at the lower 
levels of the socioeconomic hierarchy but have also involved relatively high positioned 
individuals.  
1.6.4 Social relational approach 
The association between collective social characteristics and individual-level social 
relationships have been assessed in relation to health. Various terminologies such as social 
capital, social support, social network, and social cohesion have been used to express 
individual and societal-level characteristics stemming from various social relational aspects, and 
these terms have been used somewhat interchangeably (Berkman and Glass, 2000, Holt-
Lunstad et al., 2010). Kawachi and Berkman differentiated them as follows: ‘social cohesion and 
social capital are both collective, or ecological, dimensions of society, to be distinguished from 
the concepts of social networks and social support, which are characteristically measured at the 
level of the individual’ (Kawachi and Berkman, 2000). This relational resource affects health 
through macro to micro levels (Berkman and Glass, 2000). Rich social resources promote a 
safe and harmonious society with better upstream-downstream flows, and encourage greater 
mutual support.  
Studies have been conducted to assess the influence of the collective societal-level 
characteristics as well as the individual-level social relational aspects on health. For example, at 
country level, societies with greater trade union membership and political representation of 
women have had lower child mortality, and a greater mean number of organisations to which 
individuals belong for voluntary service has been associated with lower premature mortality 
(Lynch et al., 2001). At the individual level, having supportive relationships with other people 
predicted better health practices, with perhaps the exchange of information on better health-
related practices providing a greater chance to alter behaviour for the better (Yarcheski et al., 
2004). A recent review of social capital and health reported that the effects of such social 
relational factors on health have been observed particularly in unequal rather than egalitarian 
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societies, i.e. social capital as an effect modifier, and that the individual-level resource appears 
to have a stronger impact than the collective social level (Kim et al., 2008). 
In Japan, there has been a growing interest in the contribution of the social relational 
aspect to health and health inequalities at both individual and collective societal levels. Studies 
have reported that the prevalence of people who responded ‘most people can be trusted’ was 
greater in areas with lower income inequalities (Ichida et al., 2009). Trust and social 
participation measured by the number of group activities attended have been found to be 
associated with better self-rated health and lower mortality (Iwase et al., 2012, Murata et al., 
2005, Sato et al., 2008, Suzuki et al., 2009, Suzuki et al., 2010, Aida et al., 2011b, Aida et al., 
2011a), and having supportive friends has been associated with lower suicide mortality (Poudel-
Tandukar et al., 2011). Regarding the differential impact of individual and collective-level social 
relational aspects, health inequalities, measured by income and self-rated health, appeared to 
be explained by individual-level factors more than by collective area-level information (Fujisawa 
et al., 2009). The independent influence of individual-level factors was similar to or greater than 
that of area-level factors (Ichida et al., 2009, Hamano et al., 2010).  
Marital status and living arrangements are other relational aspects which have been 
known to have an influence on health, and these are expressed as ‘social relational factors’ in a 
later section in which the contribution of these factors on health inequalities will be examined. 
Studies have reported that the five-year survival rate of patients who had undergone cardiac 
catheterisation was significantly lower for unmarried individuals (Williams et al., 1992), and that 
living alone against living with somebody else was a significant predictor of the recurrence of a 
major cardiac event (Case et al., 1992). A recent meta-analysis including various countries 
reported a greater probability of mortality of all-causes or chronic diseases for non-married 
against married individuals (OR 1.33, CI 1.20, 1.48) and living alone against living with others 
(OR 1.19, CI 0.99, 1.44) (Holt-Lunstad et al., 2010). In recent years in Japan, the age of 
marriage has become later, the number of divorces has increased, the proportion of never 
married until 50 years old has grown, and the number of single-member households has 
increased (MHLW, 2011). Marital status and living arrangements have rarely been examined in 
relation to health inequalities in Japan, and the contribution of these factors to health 
inequalities needs to be clarified given these changes. 
1.6.5 Perspectives on social inequalities in health 
1.6.5.1 Health selection 
The summary provided above (p.13-) regards societal conditions as the explicit or implicit 
cause of ill health; there is, however, an alternative approach which sees health status as 
causing the social patterning of poor health (McDonough and Amick, 2001, Davey Smith et al., 
1994). That is, the concentration of individuals with poor health at the lower SEP may be the 
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result of their exclusion from good jobs due to their pre-existing health problems or personal 
characteristics including, for example, personality and intelligence (Gottfredson, 2004). 
Evidence supporting such a theory has shown that those who had poorer health in childhood 
were likely to have had fewer years of education and about 50% lower likelihood of obtaining an 
advantageous job (Haas, 2006), and that poor health at age 16 was associated with downward, 
but not upward, social mobility in early adult life (Manor et al., 2003). People with negative 
psychological traits were more likely to be laid off, as well as having difficulty in finding a new 
job (Mastekaasa, 1996, Haas, 2006).  
Other studies have shown, however, that it was social conditions that caused ill health. 
For example, a number of studies have documented the association between job loss and 
increased risk of ill health (for example, see Kasl and Jones, 2000, or a meta-analysis by Roelfs 
et al., 2011). Natural experimental studies, studies which examined involuntary job loss due to 
firm closures or business downsizing, reported that those who experienced displacement had 
elevated risk of hospitalisation due to alcohol-related diseases, injuries and self-harms (Eliason 
and Storrie, 2009, Keefe et al., 2002). The influence of social conditions such as income on 
health remained after controlling for initial health status (Benzeval and Judge, 2001).  
In sum, the association between societal conditions and health would appear to be 
bidirectional, and health selection may operate to a certain extent but not represent the sole 
explanation as indicated by a study which showed that cognitive ability, intelligence, was part of 
the explanation for adult health inequalities but not the whole explanation (Singh-Manoux et al., 
2005). Health conditions at one stage are a consequence of past exposures as well as a cause 
of future health and social mobility (Pollitt et al., 2005). Indeed, a study reported that childhood 
physical and health conditions were associated with different promotion possibilities which, in 
turn, were related to various cardiometabolic factors (Elovainio et al., 2011). 
1.6.5.2 Time trends in health inequalities 
In a society, the magnitude of health inequalities may differ by time because of changes 
in the economy, policies, culture, and/or the level of income and social inequalities. Temporal 
changes in health inequalities in self-rated health and psychological outcomes (‘soft’) as well as 
mortality (‘hard’) in the working-age population in Western countries are summarised below. The 
summary is divided by the type of outcomes because ‘soft’ outcomes may be more responsive 
to immediate social changes. The summary in this section is based on a literature search using 
a combination of keywords for health outcome (mortalit*, morbidit*, health*, symptom, etc), 
socioeconomic conditions (socioeconomic, social class, income, education, occupation), and 
time (time trend*, temporal, secular, between) in the last 20 years in Pubmed on 13th April, 2012. 
(‘*’ in search key word indicated truncation in key words.) In this search, 958 publications were 
found and, in addition, random searches and snowballing (tracking down references using 
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references in published papers) were conducted. Further, title and abstract were screened to 
retain studies focusing on temporal trends in health inequalities, and 28 studies were retained. 
Seventeen of these studies focusing on or including working age population are reviewed, since 
this age group is considered to be more sensitive to social circumstances than an old age 
population. Studies using Japanese data are not included in this section; these will be reviewed 
in a section dedicated to a literature review of studies in Japan (section 1.7.2, p.29). 
Self-rated health and psychological outcomes 
Time trends in health inequalities in Western countries including the working age 
population were most often examined by using two time points with around a 10-year interval 
from the 1980s to 90s. Temporal trends were not always statistically tested, and in such cases 
confidence intervals were used to estimate whether there were significant changes. In general, 
the studies appeared to indicate stable health inequalities in self-rated health in European 
countries in relation to education (Kunst et al., 2005, Regidor et al., 2002, Manderbacka et al., 
2001, Lissau et al., 2001), social class (Krokstad and Westin, 2002, Lundberg et al., 2001, 
Bartley et al., 2000, Ferrie et al., 2002), and income (Kunst et al., 2005).  
More recent trends in health inequalities, including in the 2000s, have been examined in 
a few studies, and these reported mixed results. Widening health inequalities were suggested in 
France in health-related quality of life in relation to education between 1995 and 2003 
(Audureau et al., 2012), but marginally narrowing trends in psychological distress in relation to 
social class were indicated in England  from 1981 to 2000 (Sacker and Wiggins, 2002). 
Temporal trends in relation between income and depression fluctuated in Finland for over the 
two decades of 1979-2002 (Talala et al., 2009). The association between education and self-
rated poor health had changed inconsistently over time in Baltic countries between 1994 and 
2004 (Helasoja et al., 2006).  
In summary, these studies showed health inequalities to be mostly stable in Western 
countries from the 1980s to 1990s, which includes a period of recession, but some countries 
may have experienced widening trends in health inequalities from the 1990s to 2000s. Health 
inequalities were, however, not necessarily systematically examined or tested statistically in 
these outcomes, and only relative, rather than absolute, terms were examined even though 
these could show contrasting trends. 
Mortality 
Studies examining socioeconomic inequalities up to the mid-1990s reported stable or 
widening all-cause mortality in relative terms in European countries and the USA (Mackenbach 
et al., 2003, Steenland et al., 2002). The examination of more recent time periods showed 
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mixed trends. Inequalities in all-cause mortality according to education appeared to have 
widened in three Scandinavian countries in both absolute and relative terms from the 1970s to 
2000 (Shkolnikov et al., 2012). Although not tested statistically, in England, inequalities in years 
of life expectancy at age 65 according to social class (I-III) may have widened from the 1980s to 
2001 and then narrowed a little towards the 2000s in men, while they may have fluctuated in 
women (Johnson, 2011). Inequalities in all-cause mortality according to social class have 
fluctuated in both relative and absolute terms in men aged 55-64 in England (Ramsay et al., 
2008). 
Similarly to findings from the studies which examined temporal trends in self-rated health 
and psychological outcomes, time trends in health inequalities in mortality were not necessarily 
tested statistically. 
Furthermore, a sharp contrast in Finland in time trends in health inequalities according to 
health outcome should be highlighted. Temporal trends in relation between income and 
depression fluctuated between 1979 and 2002 whereas absolute and relative inequalities in 
mortality appear to have widened over the corresponding period. This difference according to 
‘soft’ and ’hard’ outcome may be because a ‘soft’ outcome is more responsive to immediate 
exposures. Major causes of mortality are chronic diseases, and these are likely to develop over 
time rather than suddenly appearing. As a result, mortality would involve a large time lag and be 
less responsive to short-time fluctuation in exposures. This makes the use of self-rated health 
suitable for the outcome to examine temporal trend in health inequalities in relation to recent 
exacerbation in social inequalities in Japan (as discussed in Chapter Five). 
1.7 Literature review on health inequalities in Japan 
1.7.1 Socioeconomic inequalities in health 
What follows is a semi-systematic review, partly due to the fact that publications produced 
in the Japanese language and/or Japanese journals are rarely available via the internet. The 
literature review was conducted in order to review existing studies with respect to 1) the extent 
and nature of health inequalities in Japan based on income, education and occupation, 2) time 
trends in health inequalities, and 3) the influence of factors identified as mediating health 
inequalities in Western countries – material, behavioural, psychosocial (stress), and social 
relational. An initial literature search was conducted in the winter of 2010 using Pubmed, Web of 
Science and Scopus. An update was carried out in summer 2012 using Pubmed. Key words 
used for the literature search are shown below, and these were restricted in title or abstract in 
the case of Pubmed. (‘*’ is the symbol for truncation.) 
 Japan* 
Chapter One | 24 
 
 
 Socioeconomic, socio-economic, inequalit*, social determinant*, social class, 
occupation*, income, education* 
 Health*, mortality, morbidity, disease 
 Self-assessed health, self-reported health, global health, general health, subjective 
health, self-rated health 
A  recent review article on Japanese health inequalities was used for tracking literature 
which was not found in the above key word search (Kagamimori et al., 2009). The initial 
literature search in 2010 identified 1,717 publications in three databases, and the second 
literature search in 2012 identified 1,159 pieces of literature. After screening the title and 
abstract for relevance to this PhD project, a total of 58 studies were reviewed in this section.  
1.7.1.1 Main findings about health inequalities for income, education and occupation 
 Low income and low education have been found to be associated with 
elevated risk of all-cause mortality and immediate health outcomes such 
as self-rated health 
 Occupational inequalities remain unclear in community-dwelling samples 
due to the prevalent use of non-theorised classification 
The majority of studies have reported income, and to a lesser extent educational, 
inequalities in health in at least one of the genders or gender-adjusted models. Many cross-
sectional and cohort studies found that lower income was associated with poor self-rated health 
status (Wang et al., 2005, Ichida et al., 2009, Shibuya et al., 2002, Yamazaki et al., 2005, 
Asada and Ohkusa, 2004, Kondo et al., 2008b, Fukuda et al., 2007a, Oshio and Kobayash, 
2009, Fujisawa et al., 2009, Oshio and Kobayashi, 2010, Honjo et al., 2006, Tsunoda et al., 
2008, Aida et al., 2011b), perceived mental health problems (Hamano et al., 2010), depression 
(Murata et al., 2008), incidence of functional disability (Kondo et al., 2009, Chan et al., 2011, 
Honjo et al., 2009), chronic disease mortalities (Aida et al., 2011c), and all-cause mortality 
(Liang et al., 2002, Liang et al., 2003a). One cross-sectional study reported non-significant 
associations between income and self-rated health in both genders (Hanibuchi et al., 2012). 
Potential reasons for this null finding were not clear. 
Education is another commonly used socioeconomic measure, and, unlike income, 
education has been more often analysed in relation to long-term health conditions, chronic 
disease incidence and mortality and all-cause mortality since educational information has been 
collected in major cohort studies. In general, significant associations have been observed in 
men more than in women, and between education and instantaneous health outcomes, such as 
mental and psychological health status and perceived health, and all-cause mortality. Less 
consistent associations have been observed in relation to chronic disease incidence and 
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mortality. These studies have shown that low educational attainment has been associated with 
poor self-rated health or depression (Oshio and Kobayash, 2009, Oshio and Kobayashi, 2010, 
Honjo et al., 2006, Ichida et al., 2009, Murata et al., 2008, Nishimura, 2011, Nishi et al., 2012), 
lower probability of health recovery (Liang et al., 2005) and higher probability of disability (Chan 
et al., 2011, Yong and Saito, 2012), and all-cause mortality (Liang et al., 2002, Liang et al., 
2003a, Ito et al., 2008, Fujino et al., 2005b). Two studies found such association in men but not 
in women (Hirokawa et al., 2006), and in men living in a rural area but not in those in an urban 
area (Iwasaki et al., 2002).  
The association between chronic diseases and education was, however, less consistent 
than all-cause mortality. Lower qualifications were associated with elevated risk of 
cerebrovascular disease mortality in both genders (Fujino et al., 2005b), cardiovascular 
mortality in men (Ito et al., 2008, Hirokawa et al., 2006), and cancer mortality in men in one of 
three cohorts examined (Fujino et al., 2005b). On the other hand, some chronic health 
outcomes which have been found to be associated with socioeconomic inequalities in Western 
countries did not show significant association in Japan. These include stroke incidence (Honjo 
et al., 2010), ischemic heart disease mortality (Fujino et al., 2005b), coronary heart disease 
mortality (Honjo et al., 2008, Honjo et al., 2010) and cancer mortalities in one or both genders 
(Hirokawa et al., 2006, Ito et al., 2008, Fujino et al., 2005b). Including inconsistent findings in 
the two studies using all-cause mortality as outcome, studies involving mortality and chronic 
disease incidence utilised major cohort studies in Japan. The null or inconsistent findings should 
be understood in relation to: 1) statistical analyses; 2) sample characteristics; and 3) 
socioeconomic difference in behaviours in Japan, and these will be discussed in a later section 
(1.7.1.2, p. 27) after reviewing occupational inequalities in health. 
Findings in occupational inequalities in health appeared to be contrasting according to 
sample characteristics: whether samples were derived from a community-dwelling population or 
from occupational settings. Studies using community-dwelling samples or samples derived from 
a combination of multiple business organisations have tended to report null or inconsistent 
results – some occupations showed significantly poorer health than the referent category but 
not in a consistent manner. Such findings have been reported in relation to health-related 
behaviours, blood pressure, self-rated health, sickness absence, mental health, incidence of 
diabetes mellitus, incidence of chronic diseases and all-cause and disease-specific mortalities, 
regardless of the number of categories in the occupational classification (Fukuda et al., 2005a, 
Nagaya et al., 2006, Honjo et al., 2010, Kondo et al., 2008b, Inoue et al., 2010, Takashima et al., 
1998, Takemura et al., 2005, Fukuda et al., 2005b, Hirokawa et al., 2006, Kuwahara et al., 2010, 
Ishizaki et al., 2006, Nishimura, 2011). This is in sharp contrast to studies using samples 
derived from local civil servants or workers belonging to a company, i.e. samples belonging to a 
single company. Studies which used such samples have reported relatively clearer health 
inequalities according to occupational grade in biomarkers, health behaviours, chronic health 
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conditions, and self-rated health (Ishizaki et al., 2000, Martikainen et al., 2004, Martikainen et 
al., 2001, Nishi et al., 2004, Saijo et al., 2008, Sekine et al., 2006). This difference can be 
illustrated by a comparison of two studies conducted at a similar time – in 1997/98 for a civil 
servants’ study, and 1998/2001 for national samples. In both studies, the occupational 
classifications used were either Japanese Standard Classification of Occupation [JSCO] or 
close to it. Around a dozen of the JSCO occupational groups were collapsed into four to five 
similarly indexed categories – 1) administrative & managerial; 2) professional; 3) clerks 
(including sales and service for the national samples); 4) manual; and 5) other paid job (only for 
the national samples). In the national samples a significant health difference in poor self-rated 
health was observed only in the ‘other paid job’ category compared to the administrative & 
managerial category (OR 1.40, gender was combined and adjusted for). In the civil servant 
study there was a gradient-wise health difference of OR 2.28 for the male manual group 
compared to the highest category (Martikainen et al., 2004, Kondo et al., 2008b). This contrast 
raises a concern on the suitability of socioeconomic measures used in community-dwelling 
samples, and this will be discussed in the following section (1.7.1.2, p. 27) after the discussion 
of reasons for null findings in educational inequalities in chronic disease incidence and mortality.  
In terms of the magnitude of health inequalities, income and educational inequalities in 
self-rated health, which had been measured by four or five levels and are the most commonly 
used exposures and outcome in Japan, were compared with Western countries. With minimum 
adjustment such as age, region and/or gender, the odds ratio of dichotomised poor health for 
the lowest income or educational category compared with the highest was less than 2.1 (Table 
2). This effect size appears to be similar to or a little less than but not out of the range of income 
and educational inequalities in self-rated health based on age-adjusted relative index of 
inequality found in Western countries (Mackenbach et al., 2008, Kunst et al., 2005). This would 
indicate that health inequalities in Japan are in a range observed in Western countries based on 
self-rated health.   
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Table 2 Associations between socioeconomic variables and dichotomous self-rated poor 
health in Japan 
 
 Sample Age  Men  Women  Combined 
Nishi (2012) Regional 65+ Education     1.38* 
Hanibuchi (2012) National 20-89 Income 1.33  2.08   
Aida (2011)  Regional 65+ Income     1.88* 
Wang (2005) Regional 47-77 Income  1.74*  1.56*   
   Education 0.97  1.12   
Ichida (2009) Regional 65-101 Income     2.05* 
Shibuya (2002) National 15+ Income     1.93* 
Kondo (2008) National 20-60 Income 1.28*  1.22*   
Fukuda (2007) National 20-59 Income 1.45*  1.30*   
Oshio (2009) National 20+ Income     1.16* 
Honjo (2006) Regional 20+ Education 1.29  1.46*  1.37* 
   Income 1.11  1.14  1.13 
Nishi (2004) Local 
civil 
servants 
 Education 2.09*  1.59   
 
*: indicates significant (p-value < 0.05 or OR not including 1.0) difference between top and bottom 
socioeconomic hierarchy (exception was Oshio (2009) for one unit increase in log household income). 
Adjustment is minimum (such as age, region, and gender when combined). 
Some studies such as Asada (2004), Yamazaki (2005), Fujisawa (2009), Oshio (2010), and Tsunoda 
(2008) were not included due to differences in measure and the type of self-rated health. 
1.7.1.2 Discussion on null findings in educational and occupational inequalities in health in 
Japan 
The null findings in educational inequalities in chronic disease incidence and/or mortality 
in Japan may relate to: 1) statistical analyses; 2) sample characteristics; and 3) socioeconomic 
difference in behaviours in Japan. First, regarding the null findings in educational inequalities in 
coronary heart disease [CHD] mortalities, although CHD death accounts for half of heart-
disease-related deaths in Japan, the rate still remained low and around one fifth of that of the 
US (Iso, 2008). The number of outcome events, therefore, has been small in the studies which 
examined health inequalities in CHD mortalities. As a result, events per variable ratio seemed to 
be quite low, less than two in some studies (Honjo et al., 2010, Honjo et al., 2008), and some 
categories had a considerably small number of outcome events. These conditions may have 
resulted in unreliable estimates. It is considered that, in order to obtain accurate coefficients as 
well as to make valid statistical inferences, the ideal number of events per variable is ten or 
more (Bagley et al., 2001).  
Second, a potential selection bias in the existing cohort studies may be part of the 
explanation. Many studies in this review have utilised the Japan Public Health Center Study 
[JPHC], the Japan Collaborative Cohort Study [JACC], the Jichi Medical School Cohort Study 
[JMS], and the Aichi Gerontological Evaluation Study [AGES]. With the exception of AGES, 
which is a postal survey of people aged 65 and over residing in one area, the three cohorts’ 
samples, i.e. JPHC, JACC, and JMS, were derived from various areas across Japan, follow-up 
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was initiated in the late 1980s to early 1990s, and early to mid-adult age at baseline was 
targeted. These three cohort surveys use routine health check-ups in communities for their data 
collection from all or up to a large part of the participants, and this may relate to two potentially 
opposite types of selection bias. A selection bias towards a healthier sample may exist because 
attendees at community-based health check-ups are voluntary. Participants, therefore, may be 
more conscious of their health. Alternatively, sample selection towards a potentially lower SEP 
and hence poorer health may exist because employees who were provided with health check-
ups in their work places were less likely to participate in health check-ups provided in 
communities (Tsutsumi et al., 2006, Tsugane and Sobue, 2001, Tamakoshi et al., 2005). This is 
because, in Japan, companies have a legal obligation to provide health check-ups for their 
employees (Osaka Prefectural Government, 2010), and all companies employing more than 
300 people reported that they had conducted health check-ups in 2007 (MHLW, 2008). The 
proportion of small companies, with 10-29 or 30-49 employees, which conducted health check-
ups was 93% and 83%, respectively. Participants for community-based health check-ups would 
be, therefore, less likely to work in larger companies and more likely to be self-employed, 
employed in smaller companies, or not employed. Regarding AGES, this cohort was initiated in 
2003 and targeted people aged 65 or older residing in one area. This was a postal survey, and 
a questionnaire was sent to those who were free of disability at baseline (Nishi et al., 2011). The 
interpretation of the findings, therefore, should be cautious since they may be biased towards 
smaller health inequalities, in particular when baseline data were used cross-sectionally.  
Third, as discussed previously (p.17), null findings in health inequalities in Japan may 
relate to the high prevalence of smoking and the distribution of risk factors which has not linked 
tightly to SEP. In addition to such distributional characteristics in Japan, time lags in exposure 
and chronic disease outcome could have caused these less clear associations between SEP 
and chronic diseases and mortality. 
In terms of the sharp contrast of occupational inequalities in health between community-
dwelling samples and occupational samples, there may be an issue regarding the suitability of 
socioeconomic classification used in community-dwelling samples. Many of the studies which 
examined community-dwelling samples and reported null findings have used the Japanese 
Standard Classification of Occupation [JSCO] or variously collapsed versions of JSCO (this will 
be discussed in detail in Chapter Four). JSCO categories include hybrid occupational status – 
shop owners and shop staff, for example, being in the same sales worker category (Statistics 
Bureau, 2009). Health inequalities have, however, been reported from occupation-based 
studies in which employees belong to a single business and/or local authority. In these studies, 
all participants were employees of a single company, and occupational positions were 
generated based on authoritative structures commonly shared among participants. For samples 
derived from a single business, therefore, the magnitude of misclassification due to the use of 
occupational classifications that do not distinguish between employers, employees and self-
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employed is substantially less serious than that for the community-dwelling samples. The lack of 
association in community-dwelling samples, therefore, may be the consequence of 
heterogeneity of jobs with different ownership status, and SEP may not have been accurately 
captured using the commonly applied classification. As a result of misclassification of 
occupation, the association between occupation and health may have been biased towards null 
rather than there being a real lack of association. There is a need, therefore, to develop an 
occupational classification which is suitable for examining occupational health inequalities in 
Japan. 
As an answer to the first point of this literature review, i.e. the extent and nature of health 
inequalities in Japan based on income, education and occupation, it can be concluded that 
research into health inequalities has been conducted in relation to income and education, but 
less validly in relation to occupation. Studies on income- and education-based health 
inequalities have shown that health inequalities have been observed in Japan in immediate 
outcomes such as self-rated health, and in all-cause mortality. A difference appeared to exist 
between a) chronic diseases and b) all-cause mortality and instantaneous health outcomes. The 
former was less consistently found to show significant associations with socioeconomic 
indicators. This was considered to be partly explained by unreliable estimates due to the small 
number of outcome events, selection bias in samples, and weak linkage between health-
damaging behaviours and SEP. Occupation-based health inequalities remain unclear, possibly 
due to the lack of standard classification appropriate for measuring SEP in community-dwelling 
samples.  
1.7.2 Time trends in health inequalities in Japan 
1.7.2.1 Main findings 
 Evidence for time trends in health inequalities is patchy and inconsistent according to 
study design 
 There is a lack of research using individual level data, including recent and more than 
three time points, and testing relative and absolute inequalities with multiple 
socioeconomic indicators 
Time trends in health inequalities in Japan have been examined in: 1) ecological studies; 
2) unlinked datasets; and 3) repeated cross-sectional datasets. As described elsewhere, 
‘unlinked datasets’ are those datasets in which the number of occupation-specific mortality rates 
was obtained from death certificates based on proxy–report of occupation of deceased from 
family member or relatives, and the number of people at risk was obtained from the census. The 
evidence is still patchy and inconsistent, and the temporal changes in health inequalities in 
individual-level data remain unclear in Japan. 
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Ecological studies have indicated that health inequalities based on life expectancy, adult 
mortality, and child and infant health indicators in relation to area socioeconomic circumstances 
had narrowed up to the mid-1990s but then widened  around 2000 (Fukuda et al., 2007b, 
Ishitani et al., 2005). These studies consistently found V-shaped trends, from narrowing to 
widening, in health inequalities, with the narrowest health inequalities around the mid/late 
1990s. 
Analyses based on ‘unlinked datasets’ reported: 1) a decreased speed in all-cause 
mortality improvement in working age population during the 1990s; and 2) an increased death 
rate from all major causes between 1995 and 2000 in male high socioeconomic groups, 
managerial and professionals in the definition used (Suzuki et al., 2012, Ikeda et al., 2011, 
Wada et al., 2012), by which socioeconomic inequalities in some mortalities may have narrowed 
or reversed. However, this study design is vulnerable to so-called numerator-denominator bias 
because of the use of separate data sources (Shkolnikov et al., 2007, Davey Smith et al., 1994). 
In Western countries, attempts were made to estimate the possible direction of bias, but it 
remains inconclusive. Some studies have found little disagreement of occupation between two 
sources of information, while others have found up to 30-40% of disagreement (Shkolnikov et 
al., 2007). In the Japanese studies, sensitivity analysis was not conducted in two studies, and 
one study claimed that the result was not changed when a sensitivity analysis was performed, 
assuming that the denominator, which was derived from the census, underestimated the 
number of the population at risk (Wada et al., 2012). If one could assume the bias is non-
differential to time, the findings would reflect true trend even if the death rates according to 
occupation may be over- or under-estimated.  However, if the tendency of proxy report of 
deceased’s occupation has changed over time, for example, due to the increased media reports 
of poor health in either high or low occupational position, the finding may be biased. Therefore, 
the reliability of findings in these studies remains to be a subject of further investigation.  
Studies which used repeated cross-sectional surveys of nationally representative 
samples reported mixed findings: a widened gap in the male middle class compared to 
managers based on self-rated health (Kondo et al., 2008b); a narrowed gap in health 
inequalities for income based on self-rated health in men and women (Kachi et al., 2013) or 
older working age (Kondo et al., 2008b); and a suggestion of a slightly narrowed gap in health 
inequalities for income based on health-related quality of life in ages 6-94 (Asada and Ohkusa, 
2004). In these studies, however, only two time points were calculated or tested around 10-year 
intervals between around 1990 and 2000; hence these studies may have missed the changes in 
the direction of health inequalities suggested by the ecological studies around 1995-2000. 
Further, social class used in one of the two studies was not theory-based but was a collapsed 
version of JSCO, an occupational classification used in the census and other governmental 
surveys. Since this classification does not reflect the status aspect, which will be discussed in 
Chapter Four (p. 74), time trends in occupational inequalities in health remain unclear. 
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Summarising the evidence in time trends, an inconsistent picture emerges. The 
ecological studies reported V-shaped trends of health inequalities, from narrowing to widening 
trends with the smallest inequality around the mid-1990s; studies using unlinked datasets 
reported increasing mortality in managerial and professionals around the year 2000 which may 
have narrowed or even reversed health inequalities; and the repeated cross-sectional study 
reported a narrowed gap in income but a widened gap by occupation. 
The shortcomings of these studies are that the occupational classifications employed are 
not theory-based and do not reflect social class (Hoffmann, 1999, Hiraoka, 2010, Ganzeboom 
and Treiman, 1996), time trends were not examined using more than two time points in the 
linked dataset, and time trends in health inequalities have not been examined using individual-
level datasets including data after the early 2000s. There were substantial changes in the 
economy and working environment in Japan in the 1990s, as discussed elsewhere (section 1.3, 
p. 4), but the effects of these on health inequalities have not been well documented. The 
outcome used in the ecological studies and the studies using unlinked datasets was all-cause or 
disease-specific mortality, whereas, in general, death may be less responsive to reflect the 
immediate effects of social changes than ‘soft’ health outcomes such as self-rated health. The 
study design examining time trends by two time points may have resulted in a misleading 
conclusion, given that there may have been V-shaped temporal trends as suggested by 
ecological studies. Many of these studies have only investigated health inequalities in either 
relative or absolute terms but not two dimensions together, even though these may show 
contrasting trends. In many cases, only one dimension of SEP was tested, and multiple 
dimensions have been rarely discussed together. Consequently, there is a lack of research in 
time trends in health inequalities in Japan using individual level recent data and multiple 
indicators of SEP examining both absolute and relative terms of inequalities. An examination 
overcoming these shortfalls will shed light on the depth of time trends in health inequalities in 
Japan. Furthermore, as discussed earlier (section 1.5, p.13), socioeconomic environment have 
been changed substantially in Japan over the latter 20th century, and this may have generated 
different time trends in health inequalities between younger and older cohorts. Such a 
perspective, however, has not been assessed and needs to be included. 
1.7.3 Health inequalities accounted for by mediating factors 
1.7.3.1 Main findings 
 The extent explained by mediating factors in income and occupational 
inequalities in health remains unclear 
 The examination of mediating factors using a national sample of working 
age has not been conducted with the inclusion of a wide range of 
mediating factors 
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In this section, based on theories of health inequalities, four dimensions of mediating 
factors of health inequalities – material, behavioural, psychosocial (stress), and social relational 
– are focused on, and a summary of studies is given according to SEP indicators of education, 
occupation and income because these indicators would show different dimensions of health 
inequalities and, therefore, the degree of attenuation of health inequalities due to the mediating 
factors may differ. 
Educational inequalities in health have been examined the most extensively in relation to 
mediating factors because information on education and behaviour has been collected in the 
existing cohort studies (Table 3). Studies are mainly based on cohort surveys of JPHC, JACC, 
JMS, and AGES (see details of explanation on p.27). The direction and magnitude of 
attenuation in effect size by the inclusion of classic health-risk factors are indicated by single ‘↓’ 
or double arrows ‘↓↓’. When an association is strengthened, it is indicated by ‘↑↑’ or ‘↑’. The 
double arrows indicate the change is more than 30% of the original effect size, while the single 
arrow indicates a less than 30% change. ‘NS’ indicates that the association was not significant 
in analyses with minimum adjustment. With the exception of one study (Liang et al., 2002), the 
effects of mediating factors have been examined using a cross-sectional study design or 
baseline information in cohort studies.  
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Table 3 Overview of direction and magnitude of attenuation of an association between 
education and major causes of death, chronic disease incidence or self-rated health by 
the inclusion of a set of variables for behaviours, biomarkers, and health status 
 
 Mediator Study Cohort type/ 
name 
Men Women 
All-cause 
mortality 
Sociodemo, behaviour, 
health status 
(Liang et al., 
2003a) 
National ↓↓ (gender 
combined) 
Sociodemo, supports, 
health status 
(Liang et al., 
2002) 
National ↓↓ (gender 
combined) 
Occupation, behaviour, 
cholesterol, hypertension 
(Hirokawa et 
al., 2006) 
JMS ↓↓ NS  
Behaviour, biomarkers (Ito et al., 
2008) 
JPHC ↓↓ ↓ 
Behaviour, employee/self-
employed, office/manual 
(Fujino et 
al., 2005b) 
JACC ↓ ↓ 
Sociodemo, behaviour, 
social capital, health status 
(Iwasaki et 
al., 2002) 
Regional (rural)  ↑ n.a. 
Regional(urban) NS n.a. 
Cerebrovascular 
mortality 
Behaviour, stress, medical, 
job type 
(Fujino et 
al., 2005a) 
JACC NS n.a. 
Behaviour, employee/self-
employed, office/manual 
(Fujino et 
al., 2005b) 
JACC ↓ ↓ 
Total stroke 
incidence 
Behaviour, stress, 
hypertension, diabetes, 
menopause 
(Honjo et al., 
2008) 
JPHC n.a. ↓     
Behaviour, cholesterol, 
hypertension, diabetes 
(Honjo et al., 
2010) 
JMS NS  NS 
Cardiovascular 
mortality 
Behaviour, biomarkers (Ito et al., 
2008) 
JPHC ↓ NS 
Occupation, behaviour, 
cholesterol, hypertension 
(Hirokawa et 
al., 2006) 
JMS ↑ NS 
Ischemic heart 
disease mortality 
Behaviour, employee/self-
employed, office/manual 
(Fujino et 
al., 2005b) 
JACC NS NS 
Coronary heart 
disease 
incidence 
Behaviour, stress, 
hypertension, diabetes, 
menopause 
(Honjo et al., 
2008) 
JPHC n.a.,  NS 
Behaviour, cholesterol, 
hypertension, diabetes 
(Honjo et al., 
2010) 
JMS NS NS 
Cancer mortality Behaviour, biomarkers (Ito et al., 
2008) 
JPHC NS NS 
Behaviour, employee/self-
employed, office/manual 
(Fujino et 
al., 2005b) 
JACC ↓ NS 
Occupation, behaviour, 
cholesterol, hypertension 
(Hirokawa et 
al., 2006) 
JMS NS NS 
Self-rated health Sociodemo, behaviour, 
depression, health status 
(Nishi et al., 
2012) 
AGES ↓↓ (gender 
combined) 
Sociodemo, smoke, social 
relation 
(Aida et al., 
2011b) 
AGES ↓(gender combined) 
Community or individual 
social relation 
(Ichida et al., 
2009) 
AGES →(gender combined) 
Sociodemo, behaviour, 
social relation  
(Wang et al., 
2005) 
Regional NS NS 
Perceived health Community social relation (Fujisawa et 
al., 2009) 
National ↓(gender combined) 
Mental health 
(SF-36) 
Community or individual 
social relation 
(Hamano et 
al., 2010) 
National ↓(gender combined) 
 
↓: originally significant effect (p-value <0.05 or OR and HR not including 1.0 in confidence interval) in age-
adjusted model (or minimum adjustment) attenuated by inclusion of behavioural, biological, 
and/or health status variables.  Attenuation calculated using coefficient (coef1-coef2)/(coef1) was 
< 30%. ↓↓(double arrows) suggested the attenuation was >30%. ↑ and  ↑↑ follow same rule. 
NS: the association was originally insignificant and remained insignificant after adjustment for behavioural, 
biological, and/or health status variables. 
n.a.: not applicable (not studied) 
National: nationally representative sample. Age range was above 60 at baseline. 
JMS: samples were those who voluntary participated in municipality health check-ups in 12 rural 
communities. Employees who were provided with health check-ups at their work-places were 
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likely to be underrepresented. Invitation to the health check-ups not insist on the participation of 
individuals who were receiving medical treatment for cardiovascular disease (Tsutsumi et al., 
2006). Age was above 20 at baseline, but upper age range varied by area. Response rate 65%. 
JPHC: samples were derived from mostly rural communities across Japan. All residents were invited in 
small areas, and random sampling was implemented in large areas. Some areas utilised 
municipal health check-ups for data collection. Baseline age was between 30 and 79, but varied 
by area. Men’s participation was lower than that of women because men were more likely to 
attend health check-ups in their work places (Tsugane and Sobue, 2001). Response rate 81% to 
questionnaire, and 35% for blood and health check-ups.  
JACC: samples were derived from 45 areas in Japan. In 22 areas, all residents were invited, and in 20 
areas, individuals undertaking municipal health check-ups were enrolled. In two areas, both 
municipality health check-ups and volunteer participants were involved, and in one area, atomic 
bomb survivors were enrolled. Age range was between 40 and 79 at baseline (Tamakoshi et al., 
2005). Response rate 83%. 
AGES: samples were derived from an area aged 65 and over, and baseline survey included those who 
were free of disability at baseline (Nishi et al., 2011). Data collection was conducted by postal 
survey. Response rate 55% among those free of disability. 
Educational inequalities in health appeared to be consistently found in all-cause mortality 
and subjective health status, and these associations are more or less attenuated by mediating 
factors included in the studies, such as behaviour, biomarkers, occupational information, and/or 
stress (Hirokawa et al., 2006, Ito et al., 2008, Liang et al., 2003a, Fujino et al., 2005b, Liang et 
al., 2002, Hamano et al., 2010, Fujisawa et al., 2009, Nishi et al., 2012, Aida et al., 2011b, 
Ichida et al., 2009). None of the studies have explicitly tested all four dimensions or calculated 
the extent explained by factors included. One study reported inconsistent findings (Iwasaki et al., 
2002), yet the estimates in this study may be unreliable because the number of outcome event 
was substantially small in the reference category, comprising only three deaths. A few changes 
in outcome events would change estimates considerably. In addition, the ratio of events per 
variable was around six, which also raises a concern over the reliability of the estimates in this 
study (Bagley et al., 2001). Furthermore, the samples were drawn from one relatively small area 
in Japan, and the generalizability of this study may therefore be limited. 
In relation to chronic disease mortality, attenuation by the inclusion of mediating factors 
appeared to be less than that in all-cause mortality and, in many studies, associations between 
education and chronic disease outcomes were not significant originally. Educational inequalities 
attenuated less than 30% in cerebrovascular disease mortality by taking account of behavioural 
and occupational factors in both genders (Fujino et al., 2005b), in stroke incidence by behaviour, 
stress and health conditions in women (Honjo et al., 2008), in cardiovascular disease mortality 
by behavioural variables and biomarkers in men (Ito et al., 2008), and in cancer mortality by 
behaviours and working status in men (Fujino et al., 2005b). In one study the association was 
somewhat strengthened when occupational, behavioural, and health status variables were 
included in the regression model (Hirokawa et al., 2006). The less consistent association 
between SEP and chronic diseases as well as the relatively smaller magnitude explained by the 
mediating factors than that in studies from Western countries (Stringhini et al., 2010, Strand and 
Tverdal, 2004) appeared to correspond with the weaker linkage between SEP and behavioural 
factors in Japan as discussed elsewhere. 
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Eight cohort studies were identified as having examined the extent explained by 
mediating factors in occupational inequalities in health (Table 4). Studies have varied in terms 
of job classification, so the comparability between them is limited. Since the classification used 
in these studies is considered to be inefficient in making a distinction in SEP among community-
dwelling samples, attenuation found in these studies may be an underestimation. Bearing this in 
mind, an attenuation in inequalities in all-cause mortality (Iwasaki et al., 2002), sickness 
absence (Ishizaki et al., 2006) and physical and mental functioning (Sekine et al., 2006, Sekine 
et al., 2009) has been partly explained by behaviour, social relation, and/or work characteristics 
such as job strain measured by a demand-control model (Karasek, 1979). However, chronic 
disease mortalities and incidence and occupational position were not associated in many 
studies. Only one study showed that the inclusion of behavioural factors in a regression model 
strengthened occupational difference in cardiovascular disease mortality (Hirokawa et al., 
2006). The reason for the difference in finding in this study from other studies is not clear, but it 
may relate to unstable estimation due to the small number of cardiovascular events: nine deaths 
in white-collar (reference) and four deaths in blue-collar.  
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Table 4 Overview of direction and magnitude of attenuation of an association between 
occupation and major causes of death, chronic disease incidence, sickness absence, 
plasma fibrinogen level, or physical and mental functioning by the inclusion of a set of 
variables for behaviours, biomarkers, and health status 
 
 Mediators Study Cohort type/name Outcome Men Women 
Employed/self-
employed/agriculture 
Sociodemo, 
behaviour, 
health 
status, 
social 
relation 
(Iwasaki 
et al., 
2002) 
Regional 
(rural) 
All-cause mortality   ↓ n.a. 
(urban) All-cause mortality   ↓ n.a. 
White/blue/farm  Behaviour (Hiroka
wa et 
al., 
2006) 
JMS All-cause mortality NS → 
Cardiovascular 
mortality 
↑ NS 
Cancer mortality NS NS 
White/blue Behaviour, 
medical 
history 
(Honjo 
et al., 
2010) 
JMS Stroke incidence NS NS 
CHD incidence  NS NS 
JSCO (9 levels) Psychosoci
al 
(Ishizaki 
et al., 
2006) 
9 
companie
s 
Sickness absence ↓ NS 
Employment grade Psychosoci
al, job 
character 
(Ishizaki 
et al., 
2001) 
A 
company 
Plasma fibrinogen → n.a. 
Employment grade Psychosoci
al, work 
hour, 
support, 
shift work 
(Sekine 
et al., 
2006) 
Civil 
servant 
Physical functioning ↓ → 
Mental functioning ↓↓ NS 
Employment grade Psychosoci
al, work 
hours 
(Sekine 
et al., 
2009) 
Civil 
servant 
Physical functioning ↓ ↑ 
Mental functioning ↓↓ NS 
Employment grade Psychosoci
al, work 
hours 
(Sekine 
et al., 
2011) 
Civil 
servant 
Physical functioning → (gender 
combined) 
Mental functioning ↓(gender 
combined) 
 
↓: originally significant effect (p-value <0.05 or OR and HR not including 1.0 in confidence interval) in age-
adjusted model (or minimum adjustment) attenuated by inclusion of behavioural, biological, 
and/or health status variables.  Attenuation calculated using coefficient (coef1-coef2)/(coef1) was 
< 30%. ↓↓(double arrows) suggested the attenuation was >30%. ↑ and ↑↑ follow same rule. 
NS: the association was originally insignificant and remained insignificant after adjustment for behavioural, 
biological, and/or health status variables. 
n.a.: not applicable (not studied) 
JMS: samples were those who voluntary participated to municipality health check-ups in 12 rural 
communities. Employees who were provided with health check-ups at their work-places were 
likely to be underrepresented. Invitations to the health check-ups did not insist on the participation 
of individuals who were receiving medical treatment for cardiovascular disease (Tsutsumi et al., 
2006). Age was above 20 at baseline, but upper age range varied by area. 
Income inequalities in health have rarely been examined, and only four studies have 
been identified. The findings from samples aged 65 and older are that income inequalities in all-
cause mortality were completely explained by the inclusion of demography, education, and 
working status (Liang et al., 2003a), or by demography, education, working status, social 
relational aspects and baseline health status (Liang et al., 2002). Baseline health and working 
status were included in models which showed large attenuation of health inequalities. The large 
impact of these variables may be because they reflect accumulated health disparities according 
to SEP over life course. Therefore, it is of importance to examine how mediating factors 
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contribute to health inequalities in adult working age prior to old age, yet only two studies were 
identified. Health inequalities for income have been largely explained by behavioural and social 
relational aspects in these studies (Oshio and Kobayash, 2009, Wang et al., 2005). The 
contribution of each factor was not shown in one study (Wang et al., 2005), and the range of 
factors included were limited in another study (Oshio and Kobayash, 2009). The extent 
explained by mediating factors has, therefore, been less well explored in relation to income 
inequalities among working age using a wide range of factors.  
In summary, the influence of mediating factors in health inequalities in Japan has been 
most extensively examined in relation to education, but remains less clear in terms of income 
and occupational inequalities in health. Educational inequalities in all-cause mortality and 
subjective health status have been attenuated to a certain extent by the inclusion of mediating 
factors in regression models, yet such influence was less clear in relation to chronic disease 
outcomes. Often the original association was not significant and, the degree of attenuation, if 
any, appeared to be less than 30%. Occupational inequalities showed some attenuation in 
sickness absence and physical and mental functioning by accounting for psychosocial and work 
characteristics among civil servants. Income inequalities and mediating factors have been 
examined in old age but not extensively in working age.  
The shortcomings of existing studies are that behaviour and social relational aspects 
were most commonly examined while other factors were less involved. Income was examined in 
older age but not extensively in working age using a wide range of factors. Occupational 
classifications used in the studies varied, and the comparability between studies is limited. 
Finally, none of the studies provided quantification of degrees explained by mediating factors. 
Assessment in relation to income and occupation may be of particular interest in recent years in 
Japan since education is fixed at an early age while income and occupation change during adult 
life. Social changes in the 1990s in Japan appear to have exacerbated inequalities in income 
and job insecurities; therefore, the assessment of health inequalities using these socioeconomic 
indicators and a wide range of mediating factors may contribute to the enhancement of 
understanding mechanisms in health inequalities in Japan potentially relevant to the changes in 
time trends in health inequalities.  
1.7.4 Summary of gaps in the literature in health inequalities in Japan 
From the above literature review, gaps in the literature were identified as follows: 
1. Occupational classifications employed in the studies were not theory-based. 
Occupational inequalities among community-dwelling samples were inconsistent, 
which was a sharp contrast from gradient-wise association between occupational 
grade and poor health outcomes in samples derived from single businesses. This may 
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be because occupational social position has not been meaningfully measured in 
community-dwelling samples when existing occupational classification was applied. 
2. There is a lack of research using individual-level datasets and testing the time trends 
by involving more than three time points, including recent data after the year 2001, in 
relative and absolute terms using multiple SEP indicators. 
3. The extent of income and occupational inequalities in health explained by four 
dimensions of mediating factors has not been tested in Japan using working-age 
population. 
In this thesis, these three gaps in knowledge are addressed. The organisation of this 
thesis is that, first, research aims, objectives, and hypotheses are presented in Chapter Two, 
while Chapter Three describes the data, variables and methods used. Chapter Four will derive a 
social classification appropriate for investigating health inequalities in Japan. In Chapter Five, 
time trends in health inequalities are examined. The extent accounted for by mediating factors is 
investigated in Chapter Six. Finally, Chapter Seven will discuss the findings from Chapters Four 
to Six.  
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Chapter 2. Aims, objectives and hypotheses 
In this chapter, the aims, objectives and hypotheses are specified to address the gaps in 
knowledge identified in Chapter One. 
2.1 Aims 
The overall aim of this project is to provide a systematic assessment of health inequalities 
in Japan including the examination of time trends over a period when major changes in the 
Japanese macro economy and labour market were occurring and signs of increasing social 
inequalities were observed based on increasing Gini coefficient in income and non-regular 
employment. The extent of income and occupational inequalities in health explained by 
mediating factors will be examined in order to extend the understanding of mechanisms of 
health inequalities in Japan. 
Household income and household social class will be used as measures of SEP. Two 
measures are used because, although these would correlate to a certain extent, the information 
of income is much more detailed than occupational information available in the dataset used. 
Income would, therefore, provide finer social division and hence greater power to detect health 
inequalities. Furthermore, different characteristics of these two measures, such that income may 
fluctuate according to economic climate while social class would be less easily to change, and 
that income might be more direct measure of material circumstances of living conditions 
whereas social class may reflect exposure to occupational hazards including psychosocial 
aspect, are expected to enable this project to investigate greater details than using one 
measure of SEP.  
Self-rated health is used as a sole outcome measure in this project. It is used as a 
summary of a number of health-related aspects perceived by an individual (Tissue, 1972, Idler 
and Benyamini, 1997, Benyami and Idler, 1999, Jylha et al., 2006, Tomten and Hostmark, 2007, 
Yamada et al., 2012). It is considered to be comprehensive, informative, and inclusive than 
health defined by more detailed or guided questions (Jylha, 2009)and make it possible for 
researchers to capture dimensions of health which are generic but not disease-specific. 
Although it is subjective, low self-rated health is a consistent predictor of mortality after 
adjustment for health status covariates such as chronic disease and functional ability (Idler and 
Benyamini, 1997, Benyami and Idler, 1999) and it has been linked to adverse levels of several 
biological risk markers including HDL cholesterol, and creatinine (Jylha et al., 2006, Yamada et 
al., 2012). Single-item self-rated health has previously been used to measure the time trend in 
health status (Khang et al., 2004, Liu and Hummer, 2008, Hill and Needham, 2006, Foraker et 
al., 2011, Dalstra et al., 2002) and to compare health status across social strata (Kunst et al., 
2005, Jurges et al., 2008). 
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2.2 Objectives 
The overall aim of this project is broken down in to three objectives.  
1. To derive a theory-based occupational social class appropriate to 
Japan in order to investigate adult health inequalities 
2. To examine the time trends of health inequalities between 1986 and 
2007 taking account of the possible influence of missing data 
3. To assess the extent that the mediating factors can explain income 
and occupational health inequalities in self-rated suboptimal health 
2.3 Hypotheses 
Hypothesis on objective 1 
Although hypothesis testing is not directly relevant to the entire chapter, it is used to test 
construct validity of a newly derived social classification. It is hypothesised that social class 
would show ordered difference, lower class being associated with poorer outcomes, in 
economic and health outcomes.  
Hypothesis on objective 2 
It is hypothesised that health inequalities in Japan would be observed throughout the 
study period, and would even have widened since the early 1990s due to the increased social 
inequalities. These increased social inequalities are expected to have adverse effects, 
particularly in the lower end of the socioeconomic hierarchy. 
Hypothesis on objective 3 
It is hypothesised that the health inequalities for household income and household social 
class based on self-rated suboptimal health would be partly explained by the mediating effects 
of material, behavioural, psychosocial and social relational factors.  
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Chapter 3. Data, Variables and Methods 
This chapter aims to describe the characteristics of the datasets that are to be used in the 
analyses. Variables as well as analytical methods used in this project will also be described.  
3.1 Data 
The datasets used in this thesis are a series of government surveys, ‘the Comprehensive 
Survey of Living Conditions of the People on Health and Welfare [CSLC]’, which were 
conducted between 1986 and 2007. The first survey was conducted in 1986 by the Ministry of 
Health, Labour and Welfare in Japan (formerly the Ministry of Health and Welfare). The main 
surveys have been conducted every three years, and smaller surveys with limited data have 
been conducted in between. This PhD project uses data collected in the main surveys, which 
included information on sociodemographic and socioeconomic circumstances and health. A 
total of eight waves of data was available from the CSLC surveys between 1986 and 2007. 
3.1.1 Sampling methods, questionnaires and response rates 
The CSLC is designed to be a nationally representative sample survey and is sampled 
using multistage stratified random cluster sampling. A demography and health questionnaire 
was applied to the entire sample, and an income and savings questionnaire was given to a 
subset of the sample. The sampling process for the demography and health questionnaire as 
well as for the income and savings questionnaire is explained below. 
At every survey, approximately 5,000 Enumeration Districts [EDs] were randomly 
sampled after dividing Japanese residential areas into between 7,500,000 (in 1989, taken from 
Funaoka, 1995) and less than one million EDs used in the Census (Statistics Bureau, n.d.-b) 
and stratifying them into 47 prefectures as well as around a dozen of large cities (‘Seirei Shitei 
Toshi’ in Japanese). The number of EDs sampled increased over time from 5,200 (in 1989, 
taken from Funaoka, 1995) to 5,440 (in 2007). Identifiers for the cities were lacking in the 
datasets, and, therefore, when necessary, the 47 prefectures alone were used to indicate areas. 
Prefectures are the largest administrative areas in Japan and are similar to states in the United 
States. The large cities have been roughly defined as cities having a population of more than 
500,000. All households and household members residing within the selected EDs were asked 
to answer the demography and health questionnaire (sample 1 in Figure 8). Family members 
who were institutionalised or living away from the household were excluded. Information on the 
number of EDs, the number of households approached, and response rates was released by 
the government only for the last four waves of data collection. The household response rates to 
the demography and health questionnaire declined in these waves from 90% in 1998 to 80% in 
2007 (Figure 5).  
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A subsample of 2,000 area-units (slightly modified EDs) was randomly selected from the 
approximately 5,000 EDs selected for the demography health questionnaire. The subsample 
was composed of all households and household members living in these areas (sample 2 in 
Figure 8), and they were asked to answer the income and savings questionnaire. This 
subsample will be used in this project as it has relevant information on health, demography and 
income. From the available reports, the response rates for these subsamples declined from 
81% in 1998 to 68% in 2007 (Table 5). The overall response rate for this subsample is therefore 
the product of two response rates since the income and savings questionnaire was asked to 
those who had answered the preceding demography and health questionnaire. The response 
rate for the subsample was therefore 90%*81% for 1998 and 80%*68% for 2007, i.e. 73% and 
54%, respectively. 
 
 
 
 
 
 
 
 
 
3.1.2 Survey samples and response rates over 1986 to 2007 
The subsample sizes declined from 124,623 individuals in 36,259 households in 1986 to 
65,018 individuals in 23,513 households in 2007 (Table 5). These sample sizes included all 
subsamples from age 0 to those over 100 years old. The analytical sample sizes used in this 
PhD project will be given in a later section, as well as at the beginning of each relevant chapter. 
The sample size of individuals in 2007 was 52.2% of that in 1986, and this decline was greater 
than the decrease in household response rate, which reduced to 67.7%. The reason for this 
was that non-respondents were significantly more likely to belong to large households in later 
surveys than in 1986. Fitting a logistic regression model to the likelihood of non-response 
showed that, in 1986, the odds ratio of being a non-responding household was less than one for 
households having more than three members compared to households having two members 
(p<0.001). Contrary to this, the odds ratio of non-response for a one-member household was 
Figure 8 The CSLC sampling design (main sample) 
Sample 1 was derived from 5,000 EDs. 
Residents in these areas were applied only the 
demography & health questionnaire 
Sample 2 was derived from 2,000 area-units 
(modified EDs). Residents in these areas 
were applied both the demography & health 
and the income & savings questionnaires 
 
The total EDs (between 750,000 to less than 1 million) 
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more than four times greater than that for a two-member household in 1986. Interaction terms 
indicated that, although general tendency of non-response from single households and greater 
likelihood of response from households with multiple members remained unchanged over the 
study period, there were increases of non-responding households in multiple-member 
households and decreases in non-responding single households (shown in Appendices Table 
34, p. 191).  
3.1.3 Timing of survey, data collection and characteristics of data 
Apart from the exclusion of a prefecture in 1995 due to a large earthquake which hit the 
area, there were no major changes in the sampling process (confirmed by e-mail to MHLW on 
22 June, 2011), the timing of the survey, or method of data collection. Since 1989 (second 
survey), the timing of the survey has constantly been in June for the demography and health 
questionnaire and in July for the income and savings questionnaire. In 1986, the demography 
and health questionnaire was in September and the income and savings questionnaire was in 
October. The questionnaire asked about income, defined as annual income (calendar year from 
January to December in the previous year) and occupation at the time of the survey. Regarding 
the method of data collection, the demography and health questionnaires were distributed 
through personnel entrusted by welfare offices of city halls, and collected later in sealed 
envelopes. The income and savings questionnaire was interviewer-administered. 
3.1.4 Limitations of the CSLC survey series 
Since the data collected by the CSLC surveys are self-reports, biases – in particular, 
recall bias, reporting bias, misclassification bias, and to a lesser extent interviewer bias – would 
be possible. It is encouraging, however, that there have been reports on reasonably accurate 
self-reported data by Japanese populations on height and weight (Wada et al., 2005) and health 
status (Kokubo et al., 2011). Response rates have declined, which may relate to selection bias. 
Each wave is a cross-sectional survey; hence it is not possible to establish the temporal order 
between exposure, outcome, and mediating factors. Further, information on mediating factors, 
such as behaviour and stress, were not included in all waves, so it is not possible to investigate 
the extent explained by mediating factors using all waves. Finally, the datasets used in this PhD 
project did not include survey weights to correct unequal probability of sample selection.  
When compared with an estimate  of the association between household income and 
self-rated suboptimal health in a published paper using survey weight (Shibuya et al., 2002), an 
estimate using the dataset used in this thesis is very similar in terms of point estimation: the 
former is OR 1.93 (95%CI 1.72 2.15) and the latter OR 1.96 (95%CI 1.81 2.11). The use of 
survey weights allows for the sampling scheme and gives the best estimates of the association 
in the target population. The confidence interval is a little tighter in the estimate of the dataset 
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used in this thesis as the standard errors are underestimated without the use of survey weights. 
Therefore, statistical tests close to the cut-off point of 0.05 will require caution in interpretation.  
3.1.5 Strengths of the CSLC survey series 
The strengths of the CSLC surveys are that they cover a period of more than two 
decades including the time when Japan was still confident in its economy, prior to the early-
1990s, and the period of prolonged recession, after the early-1990s. Apart from the numbers of 
EDs, the sampling method has mostly remained unchanged and questionnaires have been 
largely similar apart for some variables which were added/eliminated at some waves. Sample 
sizes are large enough to detect small effect sizes, and the samples are considered to be 
nationally representative. A wide range of information was collected, which included 
socioeconomic circumstances such as income and occupation, health such as self-rated health, 
and health risk factors such as behaviour as well as stress. These features made this dataset 
suitable to investigate temporal changes in health inequalities.    
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Table 5 Response rates and household and individual sample sizes in the CSLC series, all ages, 1986-2007 
 
 1986 1989 1992 1995 1998 2001 2004 2007 
The number of EDs and area-units 
Number of total EDs n.a.a 750,000b n.a. n.a. n.a. n.a. n.a. 980,000 
Number of selected EDs (Demography & Health) n.a. 5,200 n.a. 5,100 5,240 5,240 5,280 5,440 
Number of selected area-unit c (Income & Savings) n.a. n.a. n.a. 2,000 2,000 2,000 2,000 2,000 
Number of samples by household and individual 
Demography and health questionnaires         
Household 240,206 250,974 253,526 246,892 247,622 247,195 220,836 229,821 
Individual  803,807 803,228 783,095 746,592 721,478 703,399 619,573 624,168 
Income and savings questionnaires         
Household  36,259 37,634 36,139 33,395 30,506 30,386 25,091 23,513 
Individual  124,623 125,510 115,197 103,049 90,059 89,325 72,487 65,018 
Response rates (%) 
Demography and health  n.a. n.a. n.a. n.a. 89.7 87.4 79.9 80.1 
Income and savings n.a. n.a. n.a. n.a. 80.6 79.5 70.1 67.7 
Total response rates n.a. n.a. n.a. n.a. 72.3 69.5 56.0 54.2 
 
a
 : not available 
b
 : information was taken from (Funaoka, 1995) 
c
 : area-unit is modified ED 
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3.1.6 Sample analysed – age 
The samples used for the analyses in this project were limited to the ages from 20 to 59 
since there are likely to be changes in income, relation to the labour market, eligibility for 
welfare support, and the association of ratings of health and death after retirement age. Age 60 
has been a common retirement age in Japan and a sudden reduction of income is expected 
around this age. The effect of changes in the labour market would be less important after 
retirement, particularly among women (Cooper and Arber, 2003). Welfare assistance is more 
likely to apply to people after the retirement age, which may alter the association between 
income and health. The lower limit of age 20 was chosen as being the age by which most of the 
population should have entered the labour market: in 1986, 25% of the population at age 18 
proceeded to a four year university education, while the remaining 75% terminated their 
education or proceeded to further education of generally less than four years (MEXT, 2009). 
3.2 Variables 
Although behavioural and psychosocial factors are important in order to examine the 
extent of health inequalities explained by mediating factors, these variables were only available 
at the same time in the 1998 and 2001 surveys (Table 6). In both survey years, the question of 
behaviour is dichotomous, yet in 2001, a more detailed question on smoking was added. The 
prevalence of current smoker in women measured by this question is 16%, which is close to the 
prevalence of current smoker, 12%, in WHO statistics for Japan in 2009 (WHO, n.d.). The 
analyses in Chapter Six, therefore, used data from the year 2001. An overview of the variables 
used in this thesis (Chapters from Four to Six) is shown in Table 7. In this section, outcome 
variables, exposures of interest, confounders and mediating factors are described. A brief 
literature review is presented for the main variables. 
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Table 6 The behavioural and psychosocial variables in the CSLC series, 1986-2007 
 
 
Shaded cells indicate the question was included in the questionnaire. Changes in shade (light or dark) 
indicated changes in ways of asking question (for example in wording). *: a detailed question on smoking 
was added in 2001. 
 
 
Behavioural and 
psychosocial 
variables 
Survey years 
 Year 1986 1989 1992 1995 1998 2001 2004 2007 
Stress                
Health check-up                 
Adequate sleep                
Balanced diet                
Regular eating                
Adequate exercise                
Don’t smoke           *     
Don’t binge drink                
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Table 7 The overview of the variables available and used in the analyses 
 
 
*: C indicates continuous variable, and the number indicates the levels in a given categorical variable. 
✓: the variable was used in the relevant chapter 
∆ : the variable was used in the way as denoted within the brackets 
3.2.1 Outcome variables 
3.2.1.1 Self-rated health 
The main outcome used in this thesis is self-rated health. Self-rated health was assessed 
from the single question, ‘what is your current state of health?’. The five categories of response 
were: excellent, very good, good, fair, and poor. The location of the question was consistent 
across the eight surveys although the wording was changed in 1989, the second wave, from 
’recent’ to ’current’ health.  
Variables Chapter numbers (topic) 
Names Type* Four 
(Social class) 
Five 
(Time trend) 
Five 
(Imputation) 
Six 
(Mediation) 
Health variables   
   
Self-rated health 2  
✓ ✓ ✓ 
K6 distress scale 2 
✓ 
  
 
Socioeconomic variables 
Household income C 
✓ 
∆(decile) ∆ (log scale) ∆(decile) 
Occupation (JSCO) 12 
✓  
 
 
Employment status 8 
✓ 
   
Social class (J-SEC) 3 
✓ ✓ 
 
✓ 
Household expenditure C   ∆ (log scale) 
 
Covariates   
 
 
 
Age  8 
✓ ✓ 
∆(continuous) 
✓ 
Gender  2 
✓ 
∆ (stratified) ∆ (stratified) ∆ (stratified) 
Marital status  4 
✓ 
 
✓ ✓ 
Prefecture  47 
✓ ✓ 
 
✓ 
Wave  8 
✓ ✓ 
∆ (stratified)  
Housing tenure  5 ∆(dichotomous)  
✓ ✓ 
Living density C    
✓ 
Health check-ups  2    
✓ 
Sleep  2    
✓ 
Balance diet  2    
✓ 
Regular meals  2    
✓ 
Exercise  2    
✓ 
Smoking 4    
 
Alcohol  2    
✓ 
Perceived stress  2    
✓ 
Living alone  2    
✓ 
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The variable was dichotomised, setting ’poor‘ and ’fair‘ responses as the outcome of 
interest, expressed as (self-rated) ‘suboptimal health’ hereafter. Although the loss of power and 
efficiency is inherent in the use of a dichotomised variable compared to the original 
classification (Royston et al., 2006), it has been reported that such losses are small when the 
sample size is large (Manor et al., 2000).  
The dichotomisation of self-rated health was employed in consideration of a) distribution, 
b) a relation to mortality, c) comparability with other studies, d) a complexity in interpretation in 
alternative method, and e) the ease of public health message. In terms of the distribution, the 
cut-off used in this thesis reflected the large difference in the probability of participants being of 
good or fair health: the prevalence of excellent, very good, good, fair, and poor health was 28%, 
17%, 45%, 9% and 1%, respectively in the CSLC dataset pooled between 1986 and 2007. With 
regard to the relation between mortality and self-rated health, as discussed in the following 
section, studies reported that the better two or three categories did not differ in association with 
mortality, but that the poorer two categories had significantly elevated risk compared with one of 
these better categories. These reports included Russia, Japan, the US, and the Netherlands, 
and were seen in both men and women, although in some cases either men or women did not 
show statistically significant effects (Perlman and Bobak, 2008, Murata et al., 2006, Idler et al., 
2000, Pijls et al., 1993). Concerning compatibility, in Japanese studies, seven out of eight 
studies which used four or five levels of self-rated health had dichotomised it (Shibuya et al., 
2002, Wang et al., 2005, Honjo et al., 2006, Fukuda et al., 2007a, Kondo et al., 2008b, Ichida et 
al., 2009, Oshio and Kobayash, 2009, Hibino et al., 2011). In terms of alternative methods of 
analyses, ordered or regression would be possible if the proportional odds assumption is met, 
or, otherwise, the more general multinomial regression could be used. However, the effect of 
income on health might not be monotonic as suggested by an asymmetry effect of income on 
subjective well-being (Boes and Winkelmann, 2006, Ferrer-i-Carbonell and Van Praag, 2008). 
In the CSLC survey the proportional odds assumption was violated in age adjusted models in all 
waves and for both genders (all p-values were p<0.05). It might be possible to use multinomial 
regression, but the statistical models would be quite complex and the interpretation of any 
results, health inequalities for each level of self-rated health comparing to a referent category, 
would be quite onerous to comprehend. Given these features and difficulties, self-rated health 
was dichotomised in this PhD project. 
Literature review of self-rated health 
The single question on self-rated health is a subjective measure of health, but reportedly 
a good measure of population health (WHO, 1996). It is compatible with more complicated 
health measures (Vuorisalmi and Jylha, 2005), and has fair to good test-retest reliability in 
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adults (Martikainen et al., 1999).  The association of self-rated health to death was reported not 
to be significantly different by gender (Burstrom and Fredlund, 2001). 
Various studies reported the validity of self-rated health in relation to various health 
outcomes and indicators. Summaries of predictive ability of self-rated health for death had been 
reported by Idler and Benyamini up to the year 1998 (Idler and Benyamini, 1997, Benyamini and 
Idler, 1999). In their summary, they stated that, compared to the best health, the poorest health 
category was associated with 1.5 to three times greater risk of mortality. Publications appearing 
after the year 2000 have been summarised in Table 33 in Appendices (p.188). These studies 
have also reported significant associations of self-rated health with various health outcomes: 
pro-inflammatory cytokines, haemoglobin, white cell count, HDL-cholesterol level, morbidities 
and conditions such as cancer, stroke, CHD, hypertension, diabetes, dyslipidemia, disability, 
and all-cause mortality. The difference in relative risk of all-cause mortality between the extreme 
health categories has ranged roughly from two to four. Effect sizes differed according to the 
time between the assessment of self-rated health and death as well as the use of self-rated 
health – whether the study used only the baseline information or took account of changes in 
self-rated health. In general, the analyses reflecting the changes in self-rated health showed 
stronger associations with mortality. Further, although the dose-response association between 
self-rated health and all-cause mortality has been reported, many of the studies show that 
mortality risks for adjacent self-rated health categories do not differ significantly.  
The predictive ability of self-rated health has been reported to be even better than 
medical factors (Heistaro et al., 2001, Desalvo and Muntner, 2011). Such ability may be 
because the presence of minor disease, which may be known only the respondent himself, is a 
good predictor of future major disease (Rose, 1985), and subtle health conditions may be better 
captured by self-assessment than by medical examination. Alternatively, it may provide a 
chance for people to take a ‘holistic’ approach to their evaluation of health instead of focusing 
on a particular disease or condition. For example, some symptoms/diseases may be too subtle 
to be medically identified, and the severity of conditions or the joint-effect of multiple disease 
and/or symptoms may be different from the simple sum of diseases; people could give a 
thought to family medical history, the trajectory of their own health, life style, health practice, 
and external and internal resources available to individuals in crisis (Idler and Benyamini, 1997).  
Lag time of effect of social inequalities on self-rated health 
Self-rated health is used in this thesis since it is considered to the summary of health 
status perceived by individuals and more sensitive to changes in social inequalities than chronic 
diseases such as neoplasm, which would likely to involve a period to develop disease. Such 
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feature relates to two aspects of self-rated health:1) what self-rated health measures, and 2) 
how social changes likely to influence on self-rated health.  
First, studies have attempted to clarify what self-rated health actually measures. In a 
comparative study using British and French civil servants, up to some 40% of variance in self-
rated health has been explained by a range of factors traditionally used to explain the predictive 
ability of self-rated health of mortality (Singh-Manoux et al., 2006). These were 1) early life 
factors and family history, 2) sociodemographics, 3) psychosocial factors, 4) health behaviour, 
and 5) health. Among the factors assessed, psychosocial factors and health made the largest 
contributions: psychosocial factors explained around 10% in British samples and 20% in 
French, and health, largely including physical health status, health problems and sickness 
absence, contributed about 20% for both population groups. This indicated that, among the 
factors included, psychosocial factors are important determinants of self-rated health.  
Second, since part of self-rated health was determined by mental health aspects, it is 
considered to be responsive to social changes in the short term (Perruccio, 2009). Some 
studies have reported that  income inequalities measured by Gini coefficient have exerted an 
influence on self-rated health and all-cause mortality after a certain lag time, 15 years and 
between 5 and 12 years, respectively (Zheng, 2012, Kondo et al., 2011). It has been suggested 
that the mechanisms of these changes include social comparison and/or erosion of cohesion. 
However, self-rated health and mental health have been reported to reflect people’s health in a 
shorter time, rather than, for example, after a decade (Perruccio, 2009). A longitudinal study 
which assessed the impact of economic hardship on health by comparing changes in individuals 
before and after economic recession reported that depression, anxiety and self-rated health 
were exacerbated within four years (Sargent-Cox et al., 2011). A quasi-experimental study of 
the effect of financial crisis on self-rated health in Greece concluded that the probability of 
reporting suboptimal self-rated health increased in Greece in 2009, soon after the 2009 
recession, compared with a control country, Poland (Vandoros et al., 2013). Among a 
disadvantaged population, a growing unemployment rate was associated with weight gains and 
worsening mental health over a short period (Charles and Decicca, 2008). A rise in 
unemployment rate was associated with a short-term increase of suicide while such an effect 
diminishes after two years (Stuckler et al., 2009). These relatively short-term impacts of adverse 
social changes on mental health and self-rated health would be contrasted with the stable trend 
of mortality such as cancer during a period of substantial social change in Russia in the 1980s 
and 90s (Leon et al., 1997) or a rise and fall of unemployment (Stuckler et al., 2009). Widening 
social inequalities in Japan, as explained in Chapter One, were not limited to increases in 
income inequalities, which may undermine the social cohesion in the society. An exacerbation 
of the macro economy, changes in the labour market and working conditions, including 
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increases in non-regular employment and decreases in job security were simultaneously 
observed. This is not to deny the time lag of these social changes on self-rated health. Self-
rated health, however, appeared to be sensitive to social changes such as recession and 
unemployment in the short term. This feature makes the use of self-rated health in this project 
suitable for the purpose to examining the influence of adverse social changes on health in 
Japan. 
3.2.1.2 Kessler-6 psychological distress scale 
The Kessler-6 [K6] psychological distress scale, which was developed in the US (Kessler 
et al., 2002), was included in the CSLC in 2007, and is used in a validation analysis presented 
in the Chapter Four. The K6 is a psychological distress screening scale, and is composed of six 
factors assessed from sub-questions (Kessler et al., 2002), ‘during the past 4 weeks (28 days), 
how much of the time did you feel…?’. The subquestions were:  
 ‘… so sad nothing could cheer you up?’ 
 ‘… nervous?’ 
 ‘… restless or fidgety?’ 
 ‘… hopeless?’ 
 ‘… that everything was an effort?’ 
 ‘… worthless?’ 
 Responses were selected from:  
 ‘all of the time’ (=4) 
 ‘most of the time’ 
 ‘some of the time’ 
 ‘a little of the time’ 
 ‘none of the time’ (=0) 
These are given scores from 0, for none of the time, to 4, for all the time. The summary 
score ranges between 0 and 24, and greater values indicates greater psychological distress.  
Literature review of Kessler-6 psychological distress scale 
The K6 was designed to detect ‘core’ non-specific severe psychological distress rather 
than clinically defined psychiatric cases. The focus on non-specific severe psychological 
distress rather than clinically defined conditions is because the clinical definition of diseases is 
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likely to be influenced by the availability of treatment resources in a country or area, hence likely 
to vary according to time and place. Having been developed in the US, the K6 has been shown 
to have a good ability to discriminate psychiatric disorders in community-dwelling American 
samples across different sociodemographic characteristics, defined by gender, age, and 
educational qualification (Kessler et al., 2002).  The cut-off 5+ in K6 was shown to have a good 
screening ability in cases defined by the Center for Epidemiologic Studies Depression Scale 
(CES-D) among a Japanese population (Kawakami et al., 2004b, Sakurai et al., 2010). The K6 
is, therefore, dichotomised by dividing the summary score as <5 or 5+, the latter defined as 
cases (distressed). 
3.2.2 Exposures of interest – social class and income 
The main exposures used in this project are household social class and equivalised 
household income. These two socioeconomic indicators are used in order to examine health 
inequalities from multiple dimensions. Although these would correlate to a certain extent, the 
information on income is much more detailed than that on occupation available in the CSLC 
dataset. Income would, therefore, provide a finer social division and hence greater power to 
detect health inequalities, as mentioned elsewhere. Income may fluctuate according to the 
economic climate, while social class would be less easy to change than income. Also, income 
may be a more direct measure of material circumstances of living conditions, whereas social 
class may reflect exposure to occupational hazards such as an exposure to a hazardous 
environment, toxic materials, work-related stress, monotonous moves, and/or health insurance 
coverage. Alternatively, occupation may be understood to be a more absolute measure of social 
position while income may be more relative. 
3.2.2.1 Household social class 
Classification systems to distinguish social class have been underdeveloped in Japan, 
and there is no readily available classification suitable to be used for the purpose of this project. 
A new occupation-based social classification is derived in Chapter Four, and two variables used 
for the derivation of social class are explained in this section. These are a variable for the 
Japanese Standard Classification of Occupation [JSCO] and a variable for employment status. 
JSCO consisted of 11 occupations – 1) Administrative and managerial worker, 2) Professional 
and technical worker, 3) Clerk, 4) Sales worker, 5) Service worker, 6) Protection and security 
worker, 7) Agricultural worker, 8) Forestry worker, 9) Fishery worker, 10) Transportation and 
communication worker, and 11) Production worker and labourer (utility worker). In 1997, a 
revision took place, but the changes were minor (Statistics Bureau, 1997). The characteristics of 
JSCO will be explained in detail in Chapter Four (p.74). 
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The variable for employment status contained information on a) Executives in firms, b) 
Self-employed with hiring employee, c) Self-employed without hiring employee, d) Helping 
family business, e) Employees of firms and public servants, f) Limited-term contract workers, g) 
Moonlight workers, and h) Other unclassified employment status. ‘Self-employed’ is defined as 
individuals running a business; executives are, for example, members of boards of directors of a 
company. Employees are individuals employed for more than one year or without limitation in 
duration of employment. Limited-term contract workers are employees employed on a less than 
one year contract. Moonlight workers are individuals working at home in order to earn an 
income (MHLW, 2009b). 
3.2.2.2 Household income 
The total sum of household income for the previous calendar year was collected in all 
CSLC surveys. In the CSLC, household income was before tax, and was derived from the total 
sum of the income of household members, including benefits, inheritance and government 
transfer. The information was reported in the Income and Saving questionnaire by each 
member of the household. To the best of the knowledge, no study has examined the extent of 
under or over reporting of income among Japanese people in relation to the CSLC. Potential 
underreporting by Japanese people in a CSLC survey was suggested in an OECD document 
where household income in the CSLC 2003 was compared with household income as estimated 
in the System of National Accounts (Förster and D'Ercole, 2009). It should be noted, however, 
that the discrepancy between the estimation in the System of National Accounts and a given 
survey was seen not only in Japan but also in many other European countries and the US, and 
the level of discrepancy seen in Japan was not substantially different from the average of the 
countries included (Förster and D'Ercole, 2009). 
In this PhD project, household income is adjusted for the number of individuals relying on 
a given income (Treiman, 1970). The household income in the CSLC was divided by the square 
root of the number of household members, which is a commonly used method (OECD, 2008, 
Burkhauser et al., 1996). For example, the total sum of household income for two-member 
households was therefore divided by 1.41, which means the presence of a second person is 
assumed to require a 41% larger income than a single household (Burkhauser et al., 1996). 
This conversion of income is necessary because a simple comparison of the sum of household 
income does not reflect the accurate monetary welfare of a given household. This is expressed 
as ‘household income’ hereafter. 
The power to which the number of household members is raised is called elasticity, and 
ranges between 0 and 1. Larger values of elasticity indicated the additional household members 
Chapter Three | 55 
 
 
 
are given greater emphasis. The use of different methods to account for additional household 
members makes a difference, although not large in, for example, the estimation of a poverty 
rate (Burkhauser et al., 1996). In this project, an elasticity of 0.5 is used. This measure, 
however, does not account for the difference of need of individuals due to, for example, age or 
disability. It has been reported that differences in elasticity in commonly used equivalisation 
scales ranged between 0.25 and 0.72, but these do not substantially influence the estimation of 
poverty rates when the average family size is not extremely large (Buhmann et al., 1988) 
although the definition of ‘extremely large family size’ was not clear. Mean household sizes 
across the CSLC surveys are similar and stayed below four, from 3.89 (95% CI 3.88 3.90) in 
1986 to 3.51 (3.49 3.52) in 2007 (Figure 9). Given that this remained reasonably constant and 
that family sizes are moderate, the use of the scale of elasticity of 0.5 in this project is 
considered to be suitable. 
Figure 9 The distribution of household size in the CSLC series, 1986-2007 
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X-axis is the household size, and Y-axis is the percentage of households in a given household size. 
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3.2.3 Other variables 
The variables used in each analysis will be listed at the beginning of each chapter. In this 
section, the characteristics of each variable are described.  
Age was self-reported in years, and is used as a five year-interval categorical variable. 
The variable contains a total of eight levels, 20-24, 25-29, 30-34, and so on up to 55-59. 
Increasing age relates to various physical changes accompanying ageing (Kirkland, 1992), and 
it is important to control for age so that results obtained are not due to differences in the mean 
ages in the categories of the exposure variable(s). In the CSLC datasets, the log odds for self-
rated suboptimal health increased with age in a linear manner. However, likelihood ratio tests of 
the effect of age on self-rated suboptimal health in the pooled datasets (1986-2007 combined) 
in both men and women, adjusted for survey wave, show that using age as a categorical 
variable fits significantly better than models using age as continuous, quadratic or ordinal 
variables.  
Gender was reported by men or women in the datasets, and analyses are examined and 
tested for gender interaction. When there is evidence of interaction, analyses are stratified.  
Marital status was reported in four levels: married, single, widowed and separated. It has 
been reported that the difference in health is not restricted to the dichotomy married or not 
married, but that health is likely to be different within the non-married groups. In the dataset 
used, four-level marital status significantly improved the fit of the model over the dichotomous 
marital status (married vs non-married) (likelihood ratio test = 30.11 (2df), p<0.0001 in men and 
likelihood ratio test = 74.94 (2df), p<0.0001 in women). Throughout the analyses, therefore, 
four-level marital status is used.   
Prefecture is the largest administrative division in Japan partitioning the geographical 
area of Japan into 47 separate areas. This variable is used to adjust for heterogeneity in macro-
economy as well as medical service provision between areas across the whole of Japan. 
Economic prosperity and unemployment rates differ among prefectures (MIC, 2010, CAO, 
2009b). Also, medical service provision may be unequal between prefectures. Recently, there 
has been an issue over medical service provision due to the shortage of medical doctors, and 
the geographical distribution of medical doctors is considered to be uneven (Fukuda and 
Harada, 2010). 
Wave, from one to eight, is used to denote the different survey years, and is used as a 
categorical variable. In some analyses, wave is replaced by calendar year, which is from zero, 
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representing the first wave in 1986, to 21, for the last wave in 2007, and used as a continuous 
variable.  
Housing tenure was reported in five-levels: 1) owned house, 2) renting, 3) work-related 
accommodation, 4) social housing/agency, and 5) lodging. The variable is used as a categorical 
variable keeping all five levels. One exception to this is in the validation analyses of the new 
social classification constructed in Chapter Four where the focus of the analysis is to ascertain 
class differences in home ownership. The meaning of each level is listed below: 
1. Owned house is when a household owned a house, which could be either 
detached or flat. 
2. Renting is when a household rented their residence from private housing 
companies or landlords. This housing could be either detached house or flat. 
3. Work-related accommodation means the accommodation was let by an 
employer for employee. Often, there is a limit in length in renting. The 
residents tended to be young (Forrest et al., 2003). 
4. Social housing/agency is likely to contain different socioeconomic groups. One 
group comprises households with financial constraints. The other group is 
households having at least a certain level of income (monthly income greater 
than £2,538 with £1=130 yen in the most common type of housing) (Urban 
Renaissance Agency, 2012). Roughly speaking, this latter housing type is a 
public housing provision which is aimed at providing quality housing swiftly to 
the middle class population. 
5. Lodging is renting a room in a house or flat. 
Living density is calculated by dividing the number of household members by the 
number of rooms. It could have been possible to use overcrowding instead of living density, but, 
unlike in the UK where the overcrowding is often defined as the density of living space greater 
than one or 1.5 persons per room (Porta, 2008, Ellaway and Macintyre, 1998, Li et al., 2007), 
there has been no consensus on overcrowding in Japan; hence, living density is utilised. 
Sleep, balanced diet, regular intake of meals, exercise and alcohol are sub-questions 
of the question assessing health-related behaviours: ‘Would you daily do the things specified 
below in order to maintain your health? Please circle all the answers suitable to you (in 
Japanese, anata ha higoro, kenkou no tameni tsugi no youna kotogara wo jikkou site 
imasuka?)’. The response is yes when a respondent considered he/she agreed with the 
statement, otherwise a no response is given to each question: 
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1. I sleep enough (in Japanese: suimin wo juubun totte iru) 
2. I eat a balanced diet (balance no toreta syokuji wo siteiru) 
3. I regularly eat a morning, lunch, and evening meal (kisoku tadasiku asa, hiru, yuu no 
syokuji wo totte iru) 
4. I exercise an appropriate amount (or moderate amount) or am actively mobile (tekido 
ni undou (sports wo fukumu) wo suru ka karada wo ugokasite iru) 
5. I tend not to drink too much (osake wo nomisuginai youni site iru) 
These sub-questions are similar to a set of questions included in the Health Practice 
Index recommended by Morimoto and colleagues (Morimoto et al., 1984, Morimoto, 1990, 
Morimoto et al., 2001). A number of studies have shown that this index has been associated 
with various biomarkers (Morimoto et al., 1993, Maruyama et al., 1991, Ezoe and Morimoto, 
1994a, Kusaka et al., 1992, Mure et al., 1996, Lu et al., 2006, Weng et al., 2008, Nakanishi et 
al., 2000, Morimoto, 2000). In these studies, each behaviour was measured using a set of three 
to five multiple choice questions. Responses were then dichotomised as good or poor lifestyle 
behaviour prior to being summarised into a Health Practice Index. On the other hand, the 
questions in the CSLC surveys are all dichotomous. Although crude, studies have reported the 
validity of such self-reported dichotomous measures by comparing the self-reported exercise 
and drinking to objective measures of the relevant outcomes (Schechtman et al., 1991, Paljarvi 
et al., 2012).  
Smoking was measured by a four-level question: ‘Do you smoke?’. Respondents 
selected an answer from ‘I don’t smoke’, ‘I smoke every day’, ‘I smoke sometimes’, and ‘I have 
smoked in the past but have not smoked for more than one month’. The variable is used as a 
categorical variable having four levels.    
Health check-up attendance relates to whether a respondent undertook health check-
ups in the previous year. It was assessed by the question: ‘Have you taken a general health 
check-up or a comprehensive medical check-up in the last year?’. The response was either 
‘yes’ or ‘no’. This includes various types of health check-up, such as a periodical health 
examination provided by work places or communities, or multiphasic examinations privately 
sought. Cancer screenings, maternal health examinations, dental health examinations, or 
clinical examinations at medical facilities are not included (Fukuda et al., 2005a). In recent years 
in Japan, there is a population group whose access to health care services may have become 
difficult. Japanese ‘universal’ health care is based on an insurance system. Without 
contributions, eligibility for health care may be limited or taken away. Low income individuals 
and/or non-regular employees may have been experiencing increasing difficulty in maintaining 
eligibility (Hours, 2009, Yuasa, 2008). Further, the government’s structural reform of medical 
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service delivery in order to constrain medical expenditure has been considered as having 
exacerbated geographical disparity in medical care (Fukuda and Harada, 2010).  
Perceived stress is measured by a single question: ‘Currently, do you have anxiety or 
stress in your daily life? (in Japanese, anata ha genzai nitijou seikatsu de nayami ya stress ha 
arimasuka?)’. The response was either ‘yes’ or ‘no’. This measure may not be ideal since those 
who report being stressed may report more symptoms. Such a spurious association has shown 
sharp contrast in findings between retrospective and prospective studies. There was a 
significant association between perceived stress and myocardial infarction in case control study 
when information of exposure to stress was retrospectively collected (Rosengren et al., 2004). 
Contrary to this, there was a lack of association in relation to objective measures of health such 
as hospital admission due to coronary heart disease or all-cause, cardiovascular and coronary 
heart disease mortality when the association was prospectively examined (Macleod et al., 2002). 
Studies have shown, however, that perceived stress can be a useful measure. Stress is 
multidimensional, and perceived stress is considered to be one aspect of stress which reflects, 
for example, individual’s appraisal of coping resources against stressors (Cohen et al., 1997, 
Schwartz et al., 1996). Factor analyses of perceived stress in relation to health, job, finance and 
family members indicated that perceived stress in this wide range of dimensions was 
represented by one common factor, and the summary score for perceived health was 
significantly associated with an elevated level of cortisol and triglycerides (Goldman et al., 
2005). A summary score composed of five dichotomous stress questions regarding general 
stress, work stress, family stress, stressful events, and hard work was significantly associated 
with anxiety and perceived physical quality of life (Reges et al., 2011). In the Japanese 
population, perceived stress level was significantly associated with circulatory diseases and 
peptic ulcer, fatigue, life satisfaction, abnormal chromosome, and GHQ mental health score 
(Morimoto, 2000, Ezoe and Morimoto, 1994b, Iso et al., 2002).  
Living alone indicates whether the household is single person or having more than 2 
persons. This variable is used as a marker of the availability of support through other family 
members (Berkman and Glass, 2000, Cohen et al., 2000). 
3.3 Statistical methods 
The analyses in this thesis consist of two types of analysis – one is based on the cross-
sectional study design in Chapters Four and Six, and the other is based on using a pooled 
dataset of eight waves of cross-sectional surveys in Chapter Five. The statistical methods used 
in these chapters are explained in this section. 
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3.3.1 Age-standardisation  
In Chapter Five, in order to account for difference in age structure across surveys, which 
is likely to be a confounder given the fast ageing population in Japan, the age-standardised 
prevalence of suboptimal health is calculated for each survey year using direct standardization. 
The gender-specific age-structure in Japan in 2000, around the mid-point of the study period, is 
used as the standard population structure (Nations, 2010).  
3.3.2 Chi-square test 
The prevalence of suboptimal health in relation to exposure, confounding and/or 
mediating variables is examined using chi-square [x2] or x2 test for trend. The significance of the 
test is taken as an indication of the degree of evidence for an association, or an ordered 
association, between two variables. 
3.3.3 Linear, logistic and multinomial regression and generalised linear models 
Ordinary least squares linear regression as well as logistic regression are mainly used in 
this PhD project. The linear regression is used to obtain the slope index of inequality [SII], which 
will be explained in a later section, and logistic regression is used to obtain the relative index of 
inequality [RII] (Chapters Five and Six). Multinomial regression will be used when the outcome 
variable is an unordered categorical variable. 
When the outcome has high prevalence, generalised linear models [GLM] are used to 
estimate risk ratios instead of odds ratios. This is an alternative to using logistic regression and 
allows risk ratios to be obtained by specifying a binomial distribution and log link function, rather 
than the logit link function for logistic regression. In STATA, the glm command with 
family(binomial) link(log) is used when estimating these models. 
3.3.4 Household cluster 
Since the socioeconomic variables used in this project are at the household level and the 
dataset consists of individuals nested within the households, the clustering of samples needs to 
be adjusted for (Perlman and Bobak, 2008, Sacker et al., 2006, Weich et al., 2003). The 
intraclass correlation between household income and self-rated health ranges between 0.00044 
and 0.00372 over the survey years. STATA’s cluster( ) option is used to allow for this 
correlation. The command allows for the correlation of errors within cluster while being 
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uncorrelated between clusters, and provides the robust standard errors but does not change the 
point estimates (Baum, 2006). 
3.3.5 Bootstrap method for confidence intervals of percentage attenuation 
In the analyses in Chapter Six, percentage changes in effect size as well as the 
confidence intervals for the degree of attenuation are computed. The estimation of attenuation 
in effect sizes between two models was calculated by (β1-β2)/β1, using coefficients for models 
with (β2) and without (β1) third variable(s). The confidence interval for the attenuation is 
obtained using bias-corrected bootstrap method, with 2,000 times re-samplings (Kirkwood and 
Sterne, 2003, Shrout and Bolger, 2002, MacKinnon, 2008). Some authors have employed a 
bias-corrected and accelerated bootstrap method (e.g. see Stringhini et al., 2010), but this is not 
used in this thesis since the computational time required for estimations is prohibitively large 
due to the large datasets.  
3.4 Measures – Relative and slope index of inequalities 
Since the prevalence of suboptimal health increases largely monotonically with poorer 
SEP (Figures 24 & 25 in Appendices p.192-193), the effects of these are summarised in 
Chapters Five and Six using the RII. In the time trend analyses in Chapter Four, the SII is also 
used as the two indices may show contrasting trends. The indices were originally introduced by 
Pamuk using weighted least squares regression (Pamuk, 1985) and later modified by 
Mackenbach and Kunst by using ordinary least squares regression (Mackenbach and Kunst, 
1997) since the weighting may place too great an emphasis on larger groups (Hayes and Berry, 
2002). In this thesis, following the Kunst-Mackenbach method, ordinary least squares 
regression is used for SII and logistic regression for RII. RII is a relative ratio, and SII is an 
absolute percentage difference. As equations, these are expressed as: 
SII = α + βx 
RII = (α + β)/α 
where α denotes a constant, and β denotes the slope of regression indicating the change 
in the outcome for a one-unit increase, i.e. from 0 to 1, in a socioeconomic variable. 
To calculate the RII and SII, a reverse-ordered rank variable is created for each 
socioeconomic indicator. For household income, income decile is generated after stratifying by 
survey year, separately for the younger (20-39 years) and older (40-59 years) in order to 
account for age differences in income. For household social class, social classes I-III are used. 
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Categories are assigned values of the cumulative midpoint of their ranges, and these values 
range between 0 and 1; for example, the lowest income decile was assigned a score of 
approximately 0.95, and 9th was 0.85 (0.9 + 0.1/2 ≈ 0.95, 0.8 + 0.1/2 ≈ 0.85, respectively).  
The strength of the indices is an ability to provide a summary measure of health 
inequality, including direction and magnitude while also taking account of all the categories in 
between. This is a particularly useful property for analysing temporal trend when sizes of 
groups, such as social classes, changed over time. Estimations are interpreted as differences in 
the predicted risk between (hypothetical – for there was nobody in the dataset used having 
exactly 0 or 1) top and bottom of the socioeconomic hierarchy.  
The application of RII and SII assumes a linear association between socioeconomic 
measure and health, and the assumption is tested using Likelihood ratio test. Results are shown 
Figures 24 & 25 in Appendices (p.192-193). This test examines the association between two 
variables by using the exposure variable as continuous as well as categorical variable. Small p-
values indicate the unlikeliness of the similarity in the two models tested and the violation of 
linearity assumption. 
3.5 Models for time trends analyses 
3.5.1 Time trends in age-standardised prevalence of self-rated suboptimal health 
In Chapter Five, a curvilinear trend of self-rated suboptimal is tested using logistic 
regression fitting a quadratic calendar-year term for each gender. The regression models are 
adjusted for age and prefecture assuming a constant effect of these on health over the period in 
parallel to the standardisation methods. Household cluster is taken into account as described 
previously. 
3.5.2 Time trends in RII and SII 
In Chapter Five, time trends in health inequalities are tested, using Wald tests, linear and 
quadratic time trend terms. These are fitted and tested using one degree of freedom for each 
term. The linear term is tested in the linear model and the quadratic term is tested in the 
quadratic model (which also contains a linear term). First, two variables are generated in 
advance to fitting models, and the ‘linear term’ variable contains a product of a rank variable 
multiplied by calendar year (centred by subtracting 10), and the ‘quadratic term’ variable 
contains a product of a rank variable multiplied by the square of calendar year (centred by 
subtracting 10). Next, the linear trend model is fitted by including the linear term, a categorical 
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calendar year variable and a socioeconomic rank variable. The quadratic trend model is 
obtained by adding the quadratic term to the linear trend model. 
In analyses examining temporal changes in RII and SII, age and prefecture are 
considered to be confounding variables. Age is included because health as well as SEP are 
likely to differ with age. Prefecture is included because there may be differences in terms of 
demography, socioeconomic circumstances and health care services by area.  
Age (younger 20-39 and older 40-59) and gender are tested for interaction with time 
trends as the existing study suggested differences in temporal changes in health inequalities by 
older or younger age groups as well as gender (Kondo et al., 2008b). There was no significant 
gender interaction in RII and SII linear time trends in both SEP indicators in the model which 
allowed different average levels of inequality in 1986-2007 for men and women. The analyses 
were stratified by gender, however, in order to be comparable with a preceding study in Japan 
(Kachi et al., 2013) and because of significant differences in covariates, including the average 
level of health inequalities in 1986-2007.  Younger and older age groups are analysed together 
since there is no evidence of interaction using models adjusted for five year interval age and 
survey year (Table 8).  
The two confounders, age and area, are added with their interaction terms with survey 
year as there is evidence of interaction (Table 9).  
Table 8 P-values from the likelihood ratio tests of age group and time trends interaction 
in RII and SII, 1986-2007 
 
Sex RII SII 
 Men 0.97 0.47 
 Women 0.47 0.071 
 
The models were adjusted for age, survey year, and differences in main effects by younger or older age. 
Younger and older age was defined as 20-39 and 40-59. n=398,303. 
 
Table 9 P-values from likelihood ratio tests of the interaction of covariate with survey 
year in the association between self-rated suboptimal health and household income, 
1986-2007 
 
Covariates RII SII 
Men   
 Categorical age <0.0001 0.0002 
 47 prefectures in age-adjusted model 0.018 0.006 
Women   
 Categorical age <0.0001 <0.0001 
 47 prefectures in age-adjusted model 0.022 0.019 
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Interaction for each covariate was tested with and without interaction term between the covariate and 
categorical survey year. The model to test the interaction for age was not adjusted for any variable, and 
the model for prefectures was adjusted for age interaction with survey year. n=398,303. 
3.6 Sensitivity analyses 
3.6.1 Cohort effect  
3.6.1.1 Background 
The time trend analyses focus on changes in health inequalities over the period between 
1986 and 2007. However, as discussed (section 1.5, p.13), there have been substantial 
changes in living and working environment in Japan in the latter 20th century. It is possible that 
observed trends may be due to cohort effect rather than period effect (Monden et al., 2003, 
Zheng et al., 2011) because the life-course experience is so different between the older and 
younger cohort. Therefore, a sensitivity analysis is conducted to investigate the cohort effect.   
3.6.1.2 Methods 
Time trends in health inequalities are tested to see whether there are differences, in 
particular an ordered difference, in health inequality time trend across birth cohorts using a 
likelihood ratio test.  Birth year is calculated by subtracting age from survey year; for example, 
individuals who are aged 20 in 2007 were born in 1987 (2007-20=1987). Birth year was grouped 
into three-year intervals, corresponding to the triennial waves of CSLC surveys, and expressed 
as ‘cohort’. Since the objective is to examine time trends, cohorts which provided more than four 
time points are analysed.  
Rank variables of household J-SEC and household income decile are generated using 
cohort-wave specific distributions, which used the distribution of J-SEC or income only within a 
given cohort, but not the entire sample of a given wave. These variables are compared with the 
rank variables generated using wave specific distribution (stratified by 20-39 & 40-59 in case of 
household income) being used in the time trend analyses. The information criteria (AIC and 
BIC) are a little better when cohort-wave specific distribution is used for household income 
(around 20 unit smaller values) and for household J-SEC (around three units smaller values). 
Cohort-wave specific rankings are, therefore, used for both socioeconomic indicators.  
The differences in time trends in RII across cohorts are tested using likelihood ratio tests 
by comparing models including interaction terms between a cohort variable and an RII linear 
time trend term. Models compared were a) a model including an RII linear time trend term and 
adjusting for a categorical cohort variable; b) a model including an interaction between a 
continuous cohort variable and an RII linear trend term; and c) a model including an interaction 
between a categorical cohort variable and an RII linear trend term. Model ‘a’ indicates that the 
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time trends in RII are essentially same across cohorts; ‘b’ indicates that there is an ordered 
increase/decrease of RII time trends according to ascending/descending cohorts; and ‘c’ 
indicates that RII time trends are heterogeneous across cohorts. The ‘linear trend term’ variable 
contains a product of a rank variable multiplied by calendar year (centred by subtracting 10). As 
with the time trend analyses, prefecture is considered to be a confounding variable, and is 
included with its interaction term with a survey year variable. Household cluster is adjusted for. 
Age is not included in models since the purpose is to examine effects of period and cohort.  
3.6.2 Multilevel multiple imputation  
Since missing data may have systematically different characteristics from observed data, 
complete case analyses may provide biased estimates. Although gender, marital status, and 
age do not have missingness, and missingness in self-rated health is not substantial (4.8 %), 
missing household income data increased from 15.1% in 1986 to 36.2% in 2007. In this PhD 
project, therefore, multiple imputation [MI] of missing household income data is conducted for 
sensitivity analyses. 
The CSLC datasets have a hierarchical structure since household income is second level 
variable, and multiple household members belong to a household. An MI procedure is 
necessary to deal with such multilevel structure, and the program REALCOM is used. The 
program REALCOM can handle both continuous and ordered, as well as unordered categorical, 
variables and allow for the random effects of level two variables (Goldstein et al., 2008). The 
values filling missing data are random draws from a joint multivariate distribution, in which 
ordered or unordered categorical variables are modelled by creating latent normal distributions 
for each variable (Goldstein et al., 2008, Goldstein et al., 2009). 
3.6.2.1 The estimation of missing household income 
Since an identifier of household income missingness was not included in the datasets 
used, samples missing household income may or may not have resided in the areas selected 
for the income and savings questionnaire. Therefore, household income missingness was 
estimated using area information. The CSLC employed cluster sampling with EDs being the 
primary sampling unit. The income and savings questionnaire was applied to all residents in 
2,000 EDs (= ‘income subsample’). The presence of a respondent to the income and savings 
questionnaire in an ED indicated that the income and savings questionnaire was applied to that 
ED. The missing household income indicator was defined for households in these areas. There 
was some discrepancy between the estimated total number of samples for ‘income subsample’ 
in this project and official reports. It was speculated that this was to be due the fact that, in order 
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to balance workloads of interviewers, the EDs were a little modified when the income and 
savings questionnaire was distributed. The discrepancy was not substantial except for 1989, 
and the MI in this PhD project uses this estimated missingness as the basis for the imputations. 
The total number of ‘income subsample’ approached for the income and savings questionnaire 
is estimated as n=529,869 (Figure 10 & Appendices Table 35, p. 195). The total number of 
complete cases without missing data in relevant variables for time trend analyses between 1986 
and 2007 is n=398,303 (the process of deriving this sample size is explained in section 3.7 (p. 
70), which is 75% of the ‘income subsample’. With this magnitude of missingness it is assumed 
that MI outperforms complete case analyses (King et al., 2001).  
 
 
 
 
 
 
 
 
 
3.6.2.2 The multiple imputation model 
Care has to be taken when selecting the variables to be used in the imputation. For 
example, a recent publication on well-known risk factors for cardiovascular disease reported no 
association between cholesterol level and cardiovascular disease incidence in imputed datasets 
(Hippisley-Cox et al., 2007a) whereas a clear association was observed when a more complete 
imputation model was used (Hippisley-Cox et al., 2007b).  
The variables included in the imputation model are the variables which will be included in 
the main analytical model (models to estimate health inequalities in complete case analyses) as 
well as the variables associated with missing data in household income, and the variables 
related to the variable being imputed (White et al., 2011, McKnight et al., 2007).  
Sample 1 was derived from 5000 EDs. 
Residents in these areas were applied only the 
demography & health questionnaire 
Sample 2 was derived from 2000 area-units 
(modified EDs). Residents in these areas 
were applied both the demography & health 
and the income & savings questionnaires 
 
The total EDs (around 750,000 to less than 1 million) 
n=529,869 
Figure 10  The total number of samples approached for the income subsample 
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The characteristics of individuals missing household income are given in Appendices 
Table 36 (p. 196). In pooled datasets between 1986 and 2007, those who did not respond to 
the household income question appeared to be more likely to have high household expenditure, 
self-rated suboptimal health, be men, younger, not married, not owning a home, and living in a 
smaller household size. Since these variables are associated with household income as well as 
missingness in household income, the MI model is constructed as below.  
MI model included the following variables:  
Being imputed: 
 Self-rated health (ordered variable, 5 levels) 
 Household income (log transformed, continuous) 
 Household expenditure (log transformed, continuous) 
Auxiliary variables (having no missing data) 
 Gender (2 levels) 
 Age (continuous) 
 Marital status (4 levels) 
 Household size (continuous) 
 Housing tenure (5 levels) 
Since the time required for the MI was seen to be prohibitively extensive due to the large 
datasets, it has not been possible to include some of the variables which might improve 
estimates in analyses of imputed datasets, such as social class and/or prefecture. Although 
there are reports which show that a greater number of variables included in the MI model 
improves the estimates (Collins et al., 2001) or an omission of some variables may lead to 
incorrect results in the main analysis (Hippisley-Cox et al., 2007a, Hippisley-Cox et al., 2007b), 
a recent simulation analysis found that the MI models which included fewer variables yielded 
very similar results to those from much larger models (Mustillo, 2012). The MI model in this 
thesis includes the variables which are considered to be the most relevant to the missing 
household income in the dataset used, i.e. household expenditure and housing tenure. The 
missingness in self-rated health and household expenditure is low, an average less than 5% for 
the former and 8% for the latter across surveys (Table 26). With low missingness in the key 
variables, the MI model should be sufficient to impute the missingness in household income. 
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3.6.2.3 Missing at random assumption for household income 
The missing at random assumption, which is a key assumption for MI to be valid, was 
considered to hold by the inclusion of a set of variables in the MI model, particularly the 
household expenditure. Mechanisms of missing household income may be such that it is not 
missing completely at random, and may be associated with collected or uncollected information 
and/or the level of income itself. This mechanism is called ‘missing not at random’, and violates 
the ‘missing at random’ assumption. In this regard, a ‘subsample ignorable likelihood’ method is 
employed so that the assumption of ‘missing at random’ holds in the MI for household income. 
The key idea of this method is to impute household income by restricting MI to subsamples that 
have data in a variable which is correlated with household income (Little and Zhang, 2011). In 
this situation, the household income is assumed to be ‘missing at random’ at each level of the 
correlated variable. In the CSLC datasets, household expenditure was reported, and the 
missingness of the household expenditure was relatively low: in the pooled 1986 and 2007 
dataset, the missing data in household expenditure was merely 8%. Expenditure has been 
reported to have a strong correlation with household income (Eurostat, 2008). Since the MI to 
household income is to be restricted to the individuals reported household expenditure, among 
n=529,869 household income of those who did not respond to both household income and 
expenditure is not recovered (‘non-recoverable income’ n=15,116) (Appendices Figure 26, p. 
194). 
3.6.2.4 Procedures to improve estimation 
Some data are dropped before and after the MI. Before the MI, samples with observed 
household income more than four standard deviation from the mean are dropped because 
extreme values are reported to have a substantial effect on model estimates (Abayomi et al., 
2008). This removes 0.2% of the samples (‘income outlier’ n= 958, excluding those non-
recoverable income). After the MI, the observations with imputed self-rated health are also 
erased (n=23,433, excluding those who are dropped due to being outliers in income and non-
recoverable income). Although the inclusion of self-rated health in the imputations is necessary 
for the MI to retain a relation between self-rated health and other variables (Ryder et al., 2010), 
imputed outcomes are reported not to carry much information and may increase noise and 
should be excluded (von Hippel, 2007). The resulting sample size is n=490,362 after eliminating 
a total of 7.5% of the samples (n= 39,507 out of 529,869). Figure 11 shows the sample sizes 
for the complete case analyses (left) and analyses after the MI (right). The total number of 
samples approached for the income and savings questionnaire (‘income subsample’) was 
n=529,869. The exclusion of the 7.5% of samples in the MI process resulted in n=490,362 for 
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the household income-related analyses using MI dataset, and n=441,793 for the household J-
SEC related analyses. 
 
 
3.6.2.5 The number of the multiple imputation 
The first imputation ‘burn-in’ in this MI is obtained after 500 iterations by Markov Chain 
Monte Carlo estimation, and a further 500 iterations are done in between each imputation, 
which makes up a total of 5,001 iterations for 10 imputations. Usually, 500 iterations would be 
sufficient for simpler models as the first ‘burn-in’ of imputation (1st imputation) and 500 iterations 
to achieve independence of draws (Carpenter et al., 2011, Goldstein, 2011). 
3.6.2.6 Diagnosis of multiple imputation 
To assess the appropriateness of the MI model, two methods are recommended. First, 
the consistency of RII for household income and self-rated suboptimal health is assessed in 
order to examine the sensitivity of the MI model on the various combinations of imputations. The 
combination of imputations means, for example, first imputation and third, fourth, or third and 
fourth. If estimates varied across the combinations of imputations, it could be a sign of a 
Total sample 1986-2007: n=529,869 
Complete case analyses 
   Income-related  
      n=398,303 
   J-SEC I-III (nested) 
      n=352,415 
Missing data 
 Self-rated health  
     n= 25,185 
 Household income 
     n= 106,381 
Imputed analyses 
   Income-related  
      n=490,362 
   J-SEC I-III (nested) 
      n=441,793 
Excluded samples 
Non-recoverable income 
   n= 15,116 
Income outlier 
   n= 958 
Imputed self-rated health 
   n= 23,433 
Figure 11 Sample size of before and after the multiple imputation for time trend analyses 
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problem in MI (UCLA Academic Technology Services, n.d.). The 13 combinations are tested, 
and all estimates are found to be very similar (data not reported).  
Second, a scatter plot of residuals for each imputed dataset was recommended (White et 
al., 2011). When patterns in residual distribution vary across imputed datasets, it is, again, a 
sign of a potential problem in the MI model. In the CSLC datasets, the distributions of residuals 
of the log-transformed household income are similar across datasets (data not reported). Based 
on these tests, the MI is considered to be reasonably well conducted. 
3.7 Sample sizes 
The size of sample varies according to the number of waves analysed in each chapter as 
well as variables involved in analyses. The sample size at the top of each flow chart in Figures 
12-14 are the samples of individuals aged 20-59 who were estimated to have been residing in 
the approximately 2,000 areas in which the income and savings questionnaire was applied, as 
explained in section 3.6.2.1 (p. 65). Age, marital status, prefecture and gender, which are 
commonly used variables in all chapters, did not have missing data. 
3.7.1 Sample size for Chapter Four analyses 
The analyses in Chapter Four use datasets only from 2007 (Figure 12). Since the 
analyses are a validation of the social classification being developed in the chapter, samples not 
having household class values are excluded from the analyses (n=7,283). Two household 
variables, income and homeownership, analysed only the head of household: hence n=20,510 
are dropped for these analyses. Household income, self-rated health, and K6 psychological 
distress scale each contain a certain extent of missing data; hence each analysis varies in 
sample size. 
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3.7.2 Sample size for Chapter Five analyses 
The analyses in Chapter Five use a pooled dataset including all eight waves from 1986 to 
2008 (Figure 13). The path ‘a’ indicates sample for complete case analyses, and the path ‘b’ 
indicates the sample for sensitivity analyses using imputed datasets. The former excludes 
missing data in self-rated health and household income and J-SEC. The J-SEC sample’s 
missing data is n=14,613 (2.8%) and is nested within the income samples since the former 
samples are restricted to those who have class values in household J-SEC. Regarding the 
samples in the imputed datasets, some cases are dropped in order to improve the estimation of 
values imputed for the missing data (explained in section 3.6.2.4, p.68). Therefore, the imputed 
sample size does not match to the original sample size including missing data (n=529,869). 
Sample in 2007: n=49,583 
Head of household  
   n= 21,790 
 
Household income   
n=14,022 
 
Household J-SEC I-III 
    n= 42,300 
 
K6 
n=34,414 
Homeownership   
n=21,790 
 
Missing 
Household 
income  
    n= 7,768 
 
Missing K6 
   n= 7,886 
 
Not household J-
SEC I-III 
    n= 7,283 
 
Not head of 
household  
   n= 20,510 
 
Figure 12 Sample sizes for Chapter Four analyses 
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‘a’ indicated the sample criteria for complete case analyses, and ‘b’ indicated the sample criteria 
for sensitivity analyses using imputed datasets. 
3.7.3 Sample size for Chapter Six analyses 
The analyses in Chapter Six use a dataset derived from CSLC in 2001 (Figure 14). The 
analyses in this chapter are all complete case analyses that do not have missing data in the 
relevant variables. In addition to missing data in self-rated health and household income and J-
SEC (missing data n=2,174, 3.6% of the total sample in 2001), each variable of living density 
being calculated by the number of rooms, perceived stress, health examination and smoking 
included at most 1.5% of missing data. The number of sample individuals is n=40,243 for 
household income-related analyses, and n=33,051, nested within the income sample, for 
household J-SEC related analyses. 
Figure 13 Sample sizes for Chapter Five analyses 
Total sample 1986-2007: n=529,869 
Complete case analyses 
   Income-related  
      n=398,303 
   J-SEC I-III (nested) 
      n=352,415 
Missing data 
 Self-rated health  
     n= 25,185 
 Household income 
     n= 106,381 
Imputed analyses 
   Income-related  
      n=490,362 
   J-SEC I-III (nested) 
      n=441,793 
Excluded samples 
Non recoverable income 
   n= 15,116 
Income outlier 
   n= 958 
Imputed self-rated health 
   n= 23,433 
‘a’ ‘b’ 
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Using the statistical methods, variables and sample sizes introduced in this chapter, the 
examination of health inequalities in Japan consists of three separate chapters – derivation and 
validation of social class (Chapter Four), time trend analysis (Chapter Five) and the assessment 
of attenuation in health inequalities by mediating factors (Chapter Six). Except for the class 
derivation, the outcome used in these three chapters was self-rated health. 
In the next chapter, a new social class classification is derived and validated in order to 
be used in the following chapters. 
Total sample in 2001: n=60,074 
Complete case analyses 
   Income-related  
      n=40,243 
   J-SEC-related (nested) 
      n=33,051 
 
Missing data in: 
 
Household income 
     n= 14,541 
Self-rated health  
     n= 2,701 
Overcrowding 
     n=354 
Perceived stress 
     n=906 
Health examination 
     n=757 
Smoking 
     n=572 
 
 
Figure 14 Sample size for Chapter Six analyses 
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Chapter 4. The derivation of Japanese Socioeconomic Classification and 
validation analyses 
The purpose of this chapter is to construct a social class indicator which will be used in 
the assessment of socioeconomic inequalities in health in Japan in later chapters. Measures of 
social position used for studies in Japan lack an explicit theoretical basis. This has been noted 
not only in social epidemiologic studies (Hiraoka, 2010) but also in the sociological literature in 
Japan (Hashimoto, 2008). As a result, studies have employed a classification used in 
government surveys. However, this classification is not based on theory. The use of non-
theorised classifications has undermined the validity and interpretability of the results obtained, 
and limits comparability between studies in Japan. The construction of a theory-based 
classification is, therefore, an essential process for a greater understanding of inequalities in 
health in Japan. 
This chapter first ascertains the ways in which social position has been measured in 
Japanese studies of health inequality up to the present time. Subsequently, the theoretical 
background of selecting the NS-SEC as the basis of the new classification is discussed. After 
constructing a new social class classification system, validation analyses are performed using 
CSLC data in 2007. 
4.1 Occupational classifications employed in studies in Japan 
On 6th April, 2012, a literature search using Pubmed and the key words of ‘Japan’, ‘social 
class’, ‘occupation’, ‘employment’, or ‘job’ in the title or abstract identified 1,661 publications in 
the last 20 years. Three further studies were added by tracking references. By selecting studies 
which employed some kind of occupational classification as an exposure of interest (not as one 
of the covariates) to study health or health-related outcomes using samples derived from more 
than one industry, 24 studies were retained. The summary of these studies is provided in Table 
10. 
Of these studies, one publication used a theory-based occupational classification, the 
International Socio-economic Index of Occupational Status (Ganzeboom et al., 1992), while the 
remaining 23 studies used the International Standard Classification of Occupation [ISCO], the 
Japanese Standard Classification of Occupation [JSCO], or variously collapsed versions of the 
JSCO since there is no standard way of collapsing the 11 categories (Table 10). 
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Table 10 Occupational classification employed in studies in Japan 
 
Occupational classification Identified publication  
No. of 
collapsed 
categoriesa 
International Socio-economic Index 
of Occupational Status  (Hanibuchi et al., 2012) n.a. 
b
 
International Standard 
Occupational Classification 88 
(Takao et al., 2003, Kawakami et al., 
2004a, Ishizaki et al., 2006, Kondo et al., 
2008b, Wada et al., 2012) 
3,4,8 
Japanese Standard Occupational 
Classification (full scale)  
(Kagamimori et al., 1998, Takashima et 
al., 1998, Kagamimori et al., 2004, 
Fukuda et al., 2005a, Morita et al., 
2007a, Morita et al., 2007b, Kawaharada 
et al., 2007, Suzuki et al., 2012) 
n.a. b 
Japanese Standard Occupational 
Classification (collapsed)  
(Tsutsumi et al., 2001, Takemura et al., 
2005, Fukuda et al., 2005b, Hirokawa et 
al., 2006, Nagaya et al., 2006, Kondo et 
al., 2008a, Honjo et al., 2010, Kuwahara 
et al., 2010, Inoue et al., 2010, Tsutsumi 
et al., 2011) 
2,3,4,5,6 
 
Studies were included if the occupational classification employed was declared or speculated from other 
sources if not explicitly stated.  
a
 : The number of groups excluded ‘other unclassifiable’ occupation group. 
b
 : not applicable 
The JSCO appeared to be close to an industrial classification when it was first introduced 
in 1920. A modernised form of JSCO was implemented in 1960. Since then, nearly every 
decade – 1970, 1986, 1997, and 2008 – it was revised in order to accommodate changing 
occupational circumstances in Japan as well as changes in ISCO. To date, however, despite 
the wide use of the classification in Japan, there is no evidence of an attempt to validate it. 
Compared with the JSCO, the ISCO is better grounded in its construction, distinguishing skill 
level and type of industry, but neither classification incorporates employment status, i.e. whether 
an individual is an employer or employee (Hoffmann, 1999). Social positions are hybrid in 
categories in the JSCO. For example, a category for transportation and communication includes 
airplane pilots and taxi drivers; sales workers include both shop owners and sales assistants; 
specialists and technical occupation includes doctors, lawyers, child minders, and care workers 
(Table 13). 
One result of grouping together individuals belonging to different social positions may 
have been an underestimation of health inequalities in studies when the JSCO or JSCO-wise 
classification was applied in studies using community-dwelling samples. As identified in the 
literature review (see p.25 for details), gradient-wise relations between occupational grade and 
some health outcomes have been found in samples derived from a single company whereas 
null or inconsistent findings regardless of the number of categories have been reported from 
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studies using community-dwelling samples. The seemingly better fit of the JSCO in studies 
conducted in occupational settings could to a large extent be explained by the fact that samples 
in these studies did not include employers and the self-employed. The use of classification that 
does not distinguish different social positions, therefore, influence much less in samples derived 
from single businesses than it would in samples derived from the general population. The 
variations in jobs in single businesses were narrow, and their systems of authority and 
remuneration were consistent across samples – for example, as seen in Whitehall II studies 
(Marmot and Brunner, 2005).  
The inconsistency in the number of categories in nested versions of the JSCO in these 
studies is also a problem. There is no rule to collapse categories, and the method of collapsing 
categories depends on researchers’ judgement. As a result, there are several different methods 
(third column in Table 10) which in fact have substantially undermined the comparability 
between studies. The activities of reducing the number of categories might encourage post-hoc 
data-fitting to obtain greater inequality in outcomes, which leads to questions over the reliability 
of findings.  
4.1.1 Social class in Japan 
In order to conduct a valid study of health inequalities, it is necessary to define the 
dimensions of inequality and the measures used to operationalize these dimensions. In this 
PhD project, social class has been selected as a dimension to operationalize social inequalities.  
It has been chosen because it is a dimension which has not previously been tested in 
studies in Japan. In commonly used classifications, there are two approaches: hierarchical and 
categorical. The former regards the position of individuals as measurable on a single 
quantitative scale, and expects the underlying concept of ‘status’ or ‘prestige’ to be a continuous 
gradient rather than a number of discrete non-hierarchical groups (Chan and Goldthorpe, 2007). 
A number of useful classifications have been developed, such as the Cambridge scale, 
Duncan’s Socioeconomic Index, the Nam-Powers scale, and the Edwards classification. Some 
of these scales are constructed using information on income and education (Ganzeboom et al., 
1992, Nam and Powers, 1965, Oakes and Rossi, 2003) or a clustering of groups of people 
according to the occupations of friends or marriage  partners  (Prandy, 1990). Though status is 
one of the aspects which are important for health, information which can be used to develop the 
status-related hierarchy, such as education, occupations of friends or partners and supervisory 
status, were not included in the dataset used in this thesis. 
Social class, in contrast, is allocated according to characteristics of employment 
conditions and relations, and an order among classes is not generally assumed (Chan and 
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Goldthorpe, 2007). The Erikson-Goldthorpe [EG] schema and its derivatives and Wright’s 
schema are well-known classifications which take the social class approach. Both assign 
occupations to social classes on the basis of clearly defined criteria, although the criteria differ 
by schema (Bartley, 2004). Though there is no doubt about the rigorous theoretical basis of 
Wright’s schema, empirically the EG schema may capture class differences more effectively 
than Wright’s (Muntaner et al., 2010). Further, the social class approach means that coherent 
and uniform criteria can be used to compare social classes within and between countries.  
Education and income, although not combined into a single scales, have been applied in 
social epidemiologic studies in Japan, and income will be used in this PhD project. What has 
not been explored is the aspect potentially measured by social class which is centred on 
working circumstances.  
4.2 The NS-SEC and the Erikson-Goldthorpe class schema 
4.2.1 Employment relations and conditions 
The UK’s National Statistics Socio-Economic Classification [NS-SEC], which is a refined 
version of the EG schema, was adopted to develop a social classification in this PhD project. In 
addition to being a theoretically based and rigorously validated classification, the choice of the 
NS-SEC over the other commonly used classifications relates to its performance as well as its 
focus. Both classifications share a theoretical basis which regards employment relations and 
conditions as the classification criteria (Rose and Pevalin, 2000). The theory embraces the 
‘relational’ nature of power and control (Bartley, 2003). That is, power and control cannot exist 
without the existence of those who are subordinated and controlled. 
The EG schema, the development of which was inspired mainly by Weber, but also by 
other sociologists, aimed to differentiate the social position of individuals in terms of 
employment relations and conditions (Erikson and Goldthorpe, 1992). First, in order to 
differentiate social class while accommodating the increased number of corporate forms and 
employment relations in the second half of the 20th century, the EG schema distinguished 
business owners, workers, and the self-employed. Subsequently, the schema incorporated 
information on the size of business owned, and the types of relationship between employers 
and employees (Erikson and Goldthorpe, 1992). The latter were conceptualised as ‘employment 
relations and conditions’, which distinguished the class position of employees by service 
relationship, labour contract, and an intermediate class between these two.  
The service relationship is the type of relationship found in the most prestigious positions: 
that of managerial and professional class employees. Such employees provide their labour in 
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exchange for better direct and indirect rewards than other employment relationships. The direct 
rewards include salary and perquisites, while indirect rewards comprise a longer-term contract, 
greater autonomy, discretion, and control over their jobs. The employees render labour in 
exchange for salary and other fringe benefits, and their prospects are favourable in terms of 
salary and promotion. In contrast, the labour contract is typified by the least favourable 
employment condition in both the direct and indirect rewards: the work is conducted under close 
supervision; wages instead of salary are often tied to hours of work or amount produced; and 
future prospects, autonomy, and job security are low (Bartley, 2004, Erikson et al., 1979, 
Erikson and Goldthorpe, 1992). The intermediate class exists in between the service 
relationship and the labour contract, with a mixture of characteristics from each type. 
4.2.2 The EG schema and the NS-SEC 
The refinement of the EG schema to produce the NS-SEC rather than a simple 
acceptance of the EG schema was necessary in order better to reflect the complexity of 
employer and employee relations in contemporary society, compared with the time when the 
EG schema was originally developed (Rose and O'Reilly, 1997). The considerations included 
the fact that modern forms of employer and employee relations were considered to be more 
complicated than the EG schema assumed, and that a validation of ‘what it measures’ had 
never been fully examined in the EG schema (Rose and O'Reilly, 1997). Consequently, it was 
intended that the NS-SEC should have a more explicit basis on employment conditions and 
relations (Fitzpatrick et al., 1997). The NS-SEC was designed to minimise within-class variation 
and maximise between-class variations in employment relations and conditions (Rose and 
O'Reilly, 1998).  
The use of the NS-SEC beyond the UK and the recent creation of a European version 
encouraged the development of a classification sharing the same conceptual principles. The EG 
schema has been employed in analyses involving European countries (Muntaner et al., 2010). 
In comparison with the EG schema, the NS-SEC has been mainly used in studies examining 
the UK population, yet it has reportedly been able to make clearer class differentiation in self-
rated health, income, education, diseases and conditions, smoking, and access to health care in 
the US population than has a US occupational classification (Barbeau et al., 2004, Krieger et 
al., 2005). Furthermore, the European Socio-economic Classification has been developed 
recently based on the EG schema (Rose and Harrison, 2007), and has served as a useful tool 
for an international comparative study (Eikemo et al., 2008).  
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4.2.3 Validity in the NS-SEC 
Criterion and construct validity has been examined in the NS-SEC. Criterion validity 
relates to whether the classification measures what it is supposed to measure. In the NS-SEC, 
for example, it is presence or absence of service relationship which is measured by (Rose and 
O'Reilly, 1998): 
 timing of payment for work (whether paid monthly or on an annual salary) 
 presence of regular increments of salary 
 job security (whether or not more than one month’s notice is required) 
 autonomy (whether one can decide when to start/leave work) 
 promotion chances 
 influence over planning of work 
 influence over designing own work  
The prevalence of workers being paid monthly or on an annual salary were 92 % in the 
top category, compared with 22% in the lowest in the seven-class version. Likewise, those who 
were required to give more than one month’s notice reached 88% in the former while they 
comprised only 17% in the latter (Rose and O'Reilly, 1998). These differences accorded with 
the conceptual criteria of the NS-SEC.  
Construct validity relates to whether the classification relates to variations in theoretically 
relevant phenomena. The evidence of high construct validity was presented in relation to 
subjective health, limiting long-standing illness and mortality (Evans and Mills, 1998, Rose and 
O'Reilly, 1998).  
4.2.4 Longer and shorter versions of the NS-SEC 
The NS-SEC provides longer and shorter versions of classification in order to allow 
researchers flexibility (Table 11). In the EG schema, the threefold hierarchical version was 
supported by the fact that prestige scores for classes I and II (in the seven-class version) was 
consistently higher than middle, and class VII was consistently lower than all others (see p. 46 
in Erikson and Goldthorpe, 1992).  The three-class version of the NS-SEC has a hierarchical 
order, while the versions with finer details (five or eight categories) take the categorical non-
hierarchical approach (National Statistics, 2005).  
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Table 11 NS-SEC eight-, five-, and three-class version 
 
Eight classes Five classes Three classes 
1. Higher managerial and 
professional occupations 
1.1 Large employers and 
higher managerial 
occupation 
1.2 Higher professional 
occupations 
2. Lower managerial and 
professional occupations 
1. Managerial and 
professional occupations 
1. Managerial and 
professional occupations 
3. Intermediate occupations 2. Intermediate occupations 2. Intermediate occupations 
4. Small employers and own 
account workers 
3. Small employers and own 
account workers 
5. Lower supervisory and 
technical occupations 
4. Lower supervisory and 
technical occupations 3. Routine and manual 
occupations 6. Semi-routine occupations 5. Semi-routine and routine 
occupations 
 
7. Routine occupations 
8. Never worked and long-
term unemployed 
(Never worked and long-term 
unemployed) 
(Never worked and long-term 
unemployed) 
 
(Source: National Statistics, 2005) 
4.3 The construction of Japanese Socioeconomic Classification 
The new social classification is expressed as the Japanese Socioeconomic Classification 
[J-SEC] hereafter. Using two variables, the three-category version of the NS-SEC is developed 
because it defines a hierarchical order, which is necessary for analyses of health inequalities in 
this PhD project. The three-category version was used in the class derivation for Japan in order 
to accommodate the crude occupational and employment information supplied by the CSLC 
dataset, and also to take advantage of the ordered construct in later analyses. The JSCO in the 
CSLC dataset provided only the 11 major groups but not sub-major jobs, and supervisory status 
was not available. The final coding matrix of J-SEC I-III using JSCO and employment status is 
shown in Table 12. 
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Table 12 Coding for individual J-SEC into three categories 
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Employment status 
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1 Administrative & managerial  1 1 1 1 1 1 - - 
2 Professional & technical 1 1 1 1 1 1 - - 
3 Clerical  1 1 2 2 2 3 - - 
4 Sales  1 1 2 2 2 3 - - 
5 Service  1 1 2 3 3 3 - - 
6 Security/protection  1 1 2 2 2 3 - - 
7 Agricultural  1 1 2 3 3 3 - - 
8 Forestry  1 1 2 3 3 3 - - 
9 Fishery  1 1 2 3 3 3 - - 
10 Transport & communication  1 1 2 3 3 3 - - 
11 Production, construction, & craft  1 1 2 3 3 3 - - 
12 Other unclassified  - - - - - - - - 
 
Row: JSCO, column: employment status. Individuals in blank cells (‘-’) were categorized as ‘Unclassified’ 
in the individual J-SEC 
 
JSCO consisted of 11 occupations – 1) Administrative and managerial worker, 2) 
Professional and technical worker, 3) Clerk, 4) Sales worker, 5) Service worker, 6) Protection 
and security worker, 7) Agricultural worker, 8) Forestry worker, 9) Fishery worker, 10) 
Transportation and communication worker, and 11) Production worker and labourer (utility 
worker). The classification in the Table 12 column shows the categories between 1986 and 
2009, the time-frame relevant to this PhD project. Although a revision took place in 1997, the 
changes did not influence the divisions of 11 categories (Statistics Bureau, 1997).  
The variable for employment status contained information on a) Executives in firms, b) 
Self-employed with hiring employees, c) Self-employed without hiring employees, d) Helping in 
family business, e) Employees of firms and public servants, f) Limited-term contract workers, g) 
‘Moonlight’ job, and h) Other unclassified employment status. After allocating business owners 
and executives as well as contact workers to their appropriate social classes, with their 
employment relation considered to be service relationship and labour contract respectively, 
Chapter Four | 82 
 
 
 
each JSCO job category was assigned to a class according to jobs of the majority of the 
remaining individuals (mainly employees). The judgement of class allocation of jobs was made 
by comparing jobs in the NS-SEC and JSCO (Table 13 and Appendices Table 37, p. 197), and 
with the aim of being as closely comparable as possible to the NS-SEC. 
Table 13 Examples of jobs compose of sub-major categories of JSCO 11 occupational 
groups and their destination class for employees in the J-SEC 
 
 Main category Summary of sub-major category* J-SEC  
1 
 
Administrative 
Managerial &  
Civil servant ranked more than head of Ka1, congress mann, 
executives of organisations1, supervisor/manager of organisations1 
I 
2 
 
Professional & 
Technical 
Scientist1, researcher1, technician1-3, engineer1-3, 
pottery/glass/cement production technician or supervisor2, medical 
doctor1, veterinarian1, pharmacist1, nurse1-2, midwives1, medical 
technician2,  physiotherapist1, medical massagern, dieticiann, social 
worker1, care worker3, childminder3, legal work related1-2, 
school/university  teacher1-2,  artist1, designer2 
I 
 
3 
 
Clerical 
 
Clerk2, secretary2, receptionist3, accounting data stuff2-3 (including 
casher), bank counter stuff2, clerk at production-related site2, clerk at 
sales-related job2, collector of bills2, customer or cabin baggage 
stuff2-3, clerk at transportation-related job2-3, counter staff at post 
office3, operator of office-related device3 or n, typist2, calculator-
operatorⁿ 
II  
4 
 
Sales  
 
Sales staff (representative1, sales related occupation not elsewhere 
classified2, assistant & casher3), sales staff by visiting or moving3, 
collecting recycling staff3, buying and selling staff2-3, real estate 
(insurance, share stock)agent1-3, pawn shop staffⁿ 
II 
5 
 
Service  
 
Home-helper3, housekeeper3, public-bath services3, barber & 
hairdresser3, other beauty-related occupation3, dry cleaning3, cook3, 
bartender3, customer-services2 (restaurant, hotel, airplane, ship, 
train, night entertaining), waiter(waitress)3, hotel staff2, bar staff3, 
dancerⁿ, sex-related entertainerⁿ, staff in entertaining industryⁿ, hotel 
owner1-2, residence staff3, accommodation warden3, building 
maintenance staff3, parking staff3, travel agents(guide, translator)³, 
cloak serviceⁿ, renting service (boat, bicycle)³, distributor of 
brochureⁿ, funeral staffⁿ  
III 
6 
 
Protection & Security 
 
Self-defence force (officers1, ordinal classⁿ), defence university 
studentsⁿ, police officer1-3, sea patrol1, prison officer1-2, fire fighter1-2, 
security staff3 
II 
7 Agricultural 
Forestry 
Fishery  
Agriculture3, sericultureⁿ, livestock (tikusan)ⁿ, gardener3, forest3, 
timber3, fisher3 
III 
8 
9 
10 
 
Transportation & 
Communication  
Train driving staff3, vehicle driving staff3, ship/airplane driving staff1-3, 
wireless/cable radio communication operator3,  telephonist3,  post 
collector(deliverer)ⁿ 
III 
11 Production, 
Construction, Craft 
Production (metal, chemical, medical, material, electronic, food) 
worker3, quarry worker3, assembly worker3, sawing staff3, craft 
worker3, printer3,  machine operator3, carpenter2, construction 
worker3, plaster3, cargo staffn, packing staff3, deliverer(other than 
post office)3,  labourer3, cleaner3 
III 
 
*:Selected jobs in JSCO sub-major categories are listed. Superscript suggests the class value for 
employees in NS-SEC, and the numbers 1, 2 and 3 correspond to class I, II and III. ‘n’ suggests a job 
which was not found in NS-SEC classification manual (National Statistics, 2005).  
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Class I (highest): 1) Professional/specialist, regardless of employment status, and 2) 
Managerial/administrative were assigned to class I, following the statement in the NS-SEC that 
‘an occupation that has been designated as professional is professional regardless of 
employment status’ (National Statistics 2005). Executives in firms and Self-employed with hiring 
employees were assigned to class I, in contrast to class II for Self-employed without hiring 
employees. This was because in the NS-SEC ‘large employers’ were designated as class I 
while ‘small employers’, with fewer than 25 employees, were allocated to class II; CSLC did not 
collect the number of employees. 
Class II (intermediate): Self-employed without employees, Family workers, and 
Employees in three JSCO occupational groups were assigned to class II: 3) Clerical workers, 4) 
Sales workers, and 6) Security/protection workers, by comparing the composition of jobs in 
categories in the JSCO (Statistics Bureau) and the NS-SEC (National Statistics, 2005). To a 
certain extent, these occupational groups included different classes within them: for example, 
security guards (class III) and police officers (class II unless of high rank) were in the same 
Security/protection group. Using employment status information, individuals belonging to 
classes I or III were ruled out where possible. Class III jobs such as cashiers, assistants, and 
security guards would likely be employed on a temporary basis while business executives and 
owners would report being Executives or Self-employed. There was no counterpart of Japanese 
Family worker in the NS-SEC; therefore, they were treated the same as Employees, following 
Erikson and Goldthorpe (Erikson and Goldthorpe, 1992).  
Class III (lowest): After excluding Executives and Self-employed, Employees having 
class III jobs and Limited-term contract workers were assigned to class III. Class III jobs were 5) 
Service workers, 7) Agriculture workers, 8) Forest workers, 9) Fishery workers, 10) 
Transportation & communication workers, and 11) Production workers. Service workers and 
Transportation & communication workers appeared to be substantially heterogeneous in class. 
For example, Service workers include hotel and restaurant owners (class I), air travel assistants 
(class II), and bar staff and dancers (class III). Class allocation was based on a judgment of 
majority class membership after ruling out Executives and Self-employed. Limited-term contract 
workers were assigned to class III because, in the 2007 CSLC, 95% of the sample in this 
category worked in non-regular employment such as part-time or agency work (data not 
shown). For this category, the nature of employment is considered to be close to a ‘labour 
contract’ in the employment relation theory in terms of autonomy, future prospects, and wage 
calculation; hence they are allocated to class III unless they hold a class I occupation.  
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4.4 The unit of social class 
Substantial discussion has taken place among sociologists on a question of the question 
of a unit of social class – whether this should be at an individual or household level (Kunst, 
1997, Bartley, 2004, Beller, 2009, Shirahase, 2001, Krieger et al., 2001). In this thesis, in most 
cases household social class was employed, defined by the class of the person having the 
highest class value in a household. The rationale for household over individual social class was 
related to theoretical and contextual aspects. 
First, the theoretical aspect is associated with changes in the labour market situation and 
determinants of standard of living. Conventionally, social class has often been defined by 
household level using the husband’s social class, but the increased participation in the labour 
force of women makes such a male-dominant approach questionable. Although some scholars 
have proposed approaches that classify women by their own jobs or generate a classification by 
combining classes of both genders, others have been suspicious of such a point of view 
because women’s working careers have generally remained discontinuous and their standards 
of living have continued to be determined by their husbands’ status and earnings. Amongst 
these scholars were Erikson and Goldthorpe. They favoured a ‘dominant’ person approach 
(Erikson and Goldthorpe, 1992) which determines household class by the class of ‘dominant’ 
person in a given household. Dominance is evaluated by employment status and level of 
employment, i.e. higher social class.  
Regarding the contextual aspect, there are differences in predictive ability in women’s 
own social class according to women’s typical working style and the prevalence of the full-time 
housewife in a given society (Bartley, 2004). The stronger predictive ability of individual class for 
Finnish women than British women may relate to a difference in working style. While around 
22% of British women were housewives in the mid-1990s, the percentage among Finnish 
women was only one third of that (Bartley, 2004). The higher rate of dependency of British than 
Finnish women on the earnings of men might explain the lesser predictability of British women’s 
own social class compared with that of Finnish women. In Japan, although the proportion of 
working women aged 20 and 59 has risen from 54% in 1975 to 67% in 2005 (MHLW, 2006), 
more than 50% of working women were non-regular employees (Statistics Bureau, n.d.-a) 
(Figure 5, p.7). Of married women, the proportion of non-working women has been stable at 
around 50% from 1985 to 2010 (MHLW, 2010), and household social class defined by the 
husband’s job showed a relatively good performance in Japan (Shirahase, 2001). 
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4.4.1 The individual social class to household social class  
In order to construct the household J-SEC, the samples were redistributed using the 
following rules which were set according to the statement that ‘the active dominate the inactive’ 
in the NS-SEC (Rose and Pevalin, 2003). The practical operation of this rule was as follows:  
 The household class value was defined by the highest class value in a 
household. The highest class value was estimated using the entire population 
aged above 15. 
 Those who were not in employment, such as unemployed, homemakers or 
students, were allocated to class I-III according to the highest class value in 
their household. 
 When there is/are individual(s) whose class is uncertain, household class was 
not given unless there was/were individual(s) belonging to class I because 
those ‘uncertain’ individuals may possess any class. 
4.4.2 Distribution of individual and household J-SEC in 2007 
The following sections in this chapter used the data derived from the CSLC survey in 
2007. The result of the coding in the CSLC in 2007 is shown in Table 14. Among the sample of 
49,853, the sample analysed was n=42,300 which were allocated between household J-SEC I 
and III. Unclassified (n=7,283, 14.7%) were excluded in analyses using the household J-SEC. 
These were i) moonlight workers, ii) people in unclassified categories in both JSCO and 
employment status, and iii) individuals not engaging in economic activity. Moonlight workers 
were excluded as their employment status was uncertain in terms of the level of employment 
relation. Although it was possible to allocate the long-term unemployed to the bottom class in 
the NS-SEC, the CSLC only collected current unemployment but not history. This means that 
these people were unemployed only on the day of survey; therefore, unemployed individuals 
were not assigned an individual class. In the NS-SEC, members of the armed forces were 
excluded from the classification, whereas the CSLC included them in Security/protection 
worker. Given that they were employed as civil servants in Japan, as well as the lack of 
sociological reason for the exclusion, they were included in J-SEC classification along with 
Ganzeboom (1992). 
According to the rule set out in section 4.4.1 (p.85), it may look wrong that there were 
some individuals moved from ‘unclassified’ in individual J-SEC to class II or class III in 
household J-SEC. These individuals are students, homemakers or unemployed with no 
uncertainty in their family members’ jobs.  
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Table 14 Individual and household JSEC distribution, 2007 
 
Individual  
J-SEC 
Household J-SEC  
Class I Class II Class III Unclassified Missing Total 
      
       
Class I 14,696 0 0 0 0 14,696 
Class II 2,873 5,302 0 611 0 8,786 
Class III 3,666 2,006 5,560 965 0 12,197 
Unclassified 4,664 1,492 1,532 4,089 0 11,777 
Missing 509 0 0 0 1,618 2,127 
Total 26,408 8,800 7,092 5,665 1,618 49,583 
 
 
 
  42,300  7,283  
 
Household social class was estimated using the entire population aged above 15. Household social class 
was defined by the highest value in a given household. When there is a person whose class value was 
unknown in a household, those households were classified in ‘unclassified’ unless there is/are class I 
individual(s). Non-working individuals (unemployed, homemakers, or students) were distributed according 
to other working members’ highest social class.  
4.5 Evaluation of the construct validity of the J-SEC 
It is necessary to evaluate the construct validity of the J-SEC. Construct validity is 
evaluated by ‘the extent to which a measure relates to other variables of interest in ways 
predicted by theory’ (Rose and O'Reilly, 1997). It is expected to see that those who have 
favourable household social class have higher household income, greater likelihood of 
homeownership, and better health. The dataset used for validation analyses is the latest year of 
the CSLC survey in 2007 because this has a psychological distress measure. It is hypothesised 
that: 
social class would show ordered difference, lower class being associated with 
poorer outcomes, in economic and health outcomes. 
In the NS-SEC, or in the EG schema, even though the versions with finer details (five or eight 
categories) take the categorical non-hierarchical approach(National Statistics, 2005), the three-
class version of the NS-SEC or the EG schema is possible to regard to have a hierarchical 
order (see p.45 in Erikson and Goldthorpe, 1992, National Statistics, 2005). The J-SEC, 
constructed using the three-category version, is therefore expected to show an ordered 
difference outcome variables. 
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4.5.1 Variables, analyses and sample size 
4.5.1.1 Variables 
Household income is derived from annual household income before tax including benefits 
and inheritance, and is equalized by dividing by the square root of household size. Home 
ownership is a yes/no dichotomous variable. K6 is a six-item screening scale of psychological 
distress (Kessler et al., 2002). Each response has a score ranging from 0 to 4 and the summary 
score is 0-24 with greater values indicating greater psychological distress. A cut-off of 5+ is 
used in accordance with preceding studies (Kawakami et al., 2004b). Confounding variables 
included are five-year interval age, marital status (married, single, widowed, or separated), and 
47 prefectures. These are included so that the results are not due to the differences in age 
composition or prevalent marital status according to social class. Prefecture is included to adjust 
for potential differences in economic circumstances across areas which may confound the 
association. Gender is adjusted in analyses relating to household income and homeownership 
since only the head of household is analysed in these analyses, but stratified in analyses 
relating to health outcomes in order to see whether the household J-SEC successfully 
differentiates social class differences in health in women. The detailed description of the 
variables was given in section 3.2 (p.46-).  
4.5.1.2 Analyses 
Validation analyses were conducted in relation to household income, homeownership and 
K6 psychological distress caseness. The first two items were household level variables and the 
head of household was analysed. Social class differences in log transformed household income 
are estimated by linear regression. The coefficients are exponentiated and differences between 
the social classes are expressed as percentage change. Home ownership and K6 caseness are 
analysed using GLM with binomial family log link function (provides risk ratios [RR]) since 
prevalence is high. The estimation of RR using GLM with Poisson distribution was used when 
the model with binomial distribution failed to converge (McNutt et al., 2003). The analyses of 
health outcomes were corrected for household clustering, stratified by sex and adjusted for the 
three covariates as categorical variables. Although the use of Poisson specification produces a 
correct estimate of RR, confidence intervals are overestimated (wider confidence interval) 
(McNutt 2003). The estimation of robust error variance (Zou, 2004) rectifies such a problem. For 
all outcomes, the trend across the three social class categories is tested by fitting a household 
social class as a single continuous variable. 
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4.6 Results of the validation analyses 
For all four outcomes, crude mean values or prevalence are presented in each table. 
After adjustment for gender, age, marital status, and prefecture, household income and 
homeownership show consistent declining trends by descending class, and associations are 
mostly significant: from class I to III, one unit increase in social class (i.e. to the next lower 
class) is associated with a 16% (p<0.001) lower household income, and RR 0.93 (p<0.001) for 
homeownership (Tables 15 & 16). Since other survey years would be used for time trend 
analyses, the analysis is tested for interaction by other survey years. There is no evidence of 
interaction between J-SEC (used as an ordered variable) and household income by survey year 
(likelihood ratio test all p>0.05) (data not shown). 
Table 15 Mean household income and coefficients of linear regression for the household 
J-SEC 
 
J-SEC Meana (95% CI)  Percentage difference
b  
(95% CI) p-value 
I (highest) 439.1 (432.4, 445.8) Reference  
(n=8,114)    
II 346.8 (339.4, 354.1) -16 (-18, -14) <0.001 
(n=3,191)    
III (lowest) 282.6 (276.0, 289.2) -29 (-31, -27) <0.001 
(n=2,717)    
 
   
Trendc  -16 (-17, -15) <0.001 
 
Analyses conducted on the head of a household as there was no variance in income within a household.  
a : Mean household income, 10,000 yen.  
b : Percentage differences were adjusted for gender, age, marital status, and prefecture.  
c
 : Percentage difference in income for each unit decline in social class level. n=14,022. 
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Table 16 Percentage of home ownership and risk ratio for household J-SEC 
 
J-SEC Percentage Risk ratiosa(95% CI) p-value 
I (highest) 72.2% Reference  
(n=12,735)    
II 66.9% 0.96  (0.92,1.00) 0.059 
(n=4,782)    
III (lowest) 56.2% 0.86  (0.82,0.90) <0.001 
(n=4,273)    
 
   
Trendb  0.93  (0.91,0.95) <0.001 
 
Analyses conducted on the head of a household as there was no variance in homeownership within a 
household 
a
 : RRs were adjusted for gender, age, marital status, and prefecture. Estimates were from GLM with  
Poisson distribution since GLM model to estimate risk ratios using binomial distribution did not converge.   
b : Percentage change in income for each unit decline in social class level.  
n=21,790. 
 
In K6 psychological distress, there is no significant difference between class I and II in 
both genders while class III shows significantly greater probability of K6 psychological distress. 
Trend, tested using J-SEC as ordered variable, is significant in men (RR 1.03, p=0.036) and in 
women (1.05, p=0.003) (Table 17).  
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Table 17 Mean prevalence and probability of K6 caseness for household J-SEC in men 
and women 
 
Social class K6 psychological distress caseness    Mean  Risk ratiosa p-value  
Men     
I (high) 27.9%  Reference   
(n=10,659)      
II 28.5%  1.02 (0.95,  1.09) 0.594  
(n=3,283)      
III (low) 30.9%  1.08 (1.01,  1.15) 0.028  
(n=2,807)      
      
Trendb   1.03 (1.00,  1.07) 0.036  
      
Women     
I (high) 30.7%  Reference   
(n=10,943)  
    
II 31.2%  1.00 (0.94,  1.06) 0.940  
(n=3,957) 
     
III (low) 34.7%  1.11 (1.05,  1.19) <0.001  
(n=2,765)      
 
     
Trendb   1.05 (1.02,  1.08) 0.003  
 
RRs were predicted by GLM with binomial family log link function. Caseness was defined as having K6 
score more than 5.  
a : RRs were adjusted for age, marital status, and prefecture, and household cluster.  
b
 : RR for each unit decline in social class level.   
n=34,414. 
4.7 Summary of Chapter Four 
This chapter described the need for a theorised social class classification in Japan and 
demonstrated the derivation and validation of the new classification J-SEC. The household J-
SEC predicted class differences in economic differences in household income and home 
ownership showing the expected relations, more advantaged employment relations and 
conditions being associated with higher income and a higher likelihood of homeownership. The 
association with psychological distress was evident. The dose-response relation between class 
and economic circumstances agrees with the conceptual construction of the NS-SEC.  The 
clear associations between social class and health outcomes, particularly in women, using 
nationally representative community-dwelling samples contrasts with the inconsistent findings 
from earlier studies discussed in the literature review.  
Discussion regarding the results of validation analyses is given in Chapter Seven. Using 
the J-SEC derived in this chapter, the following chapters will investigate health inequalities in 
Japan. 
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Chapter 5. Health inequalities and time trends in health inequalities in 
Japan between 1986 and 2007 
In this chapter, health inequalities and their time trends from 1986 to 2007 are examined 
using self-rated health as the outcome. First, health inequalities in each survey year are 
assessed. Second, statistical tests examine temporal trends. These two strands of analyses are 
conducted using complete cases. Sensitivity analyses are presented to examine 1) the 
influence of a big earthquake in 1995, 2) potential influence of cohort effects and 3) the stability 
of the findings when missing data is considered.  
5.1 Hypothesis 
It is hypothesised that: 
health inequalities in Japan would be observed throughout the study period, and 
would even have widened since the early 1990s due to the increased social 
inequalities. These increased social inequalities are expected to have adverse 
effects, particularly in the lower end of the socioeconomic hierarchy. 
5.2 Methods 
5.2.1 Sample sizes  
The dataset used in the analyses in this chapter is a pooled dataset of the CSLC from 
1986 to 2007. The number of individuals included in complete case analyses is 398,303 for the 
household income-related analyses. Analyses for household J-SEC use a subsample of the 
398,303 who were assigned to household class as I-III, therefore the sample size is 352,415. 
Sample sizes for MI dataset are 490,362 for household income-related analyses and 441,793 
for household J-SEC-related analyses (details for samples are given in section 3.7.2, p. 71, and 
Figure 13, p.72). 
5.2.2 Variables 
Age and prefecture are used as categorical variables and considered to confound the 
association between SEP and health. These variables are included so that the results are not 
due to the differences in age composition according to SEP or changes in age distribution over 
the time. Prefecture is included to adjust for potential differences in economic circumstances, 
health care services, and mean health levels according to areas. Each confounding variable is 
tested for interaction with survey year, and since both variables show significant interactions 
with time (reported on p.63), and all analyses for time trends are adjusted for age*wave and 
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prefecture*wave. Gender is stratified since time trend in both RII and SII interact with gender 
(reported on p.63) while gender interaction in RII and SII in each survey year is less consistent.  
5.2.3 Statistics 
As explained elsewhere (section 3.4, p. 61), the RII and SII are estimated using logistic 
and linear regression, respectively. The indices for each year are examined first, and linear and 
quadratic time trends are fitted. Both linear and quadratic time trend terms are tested by one 
degree of freedom (see the section 3.5.2, p.62 for details). Analyses are adjusted for 
confounding variables as well as household cluster.  
5.3 Results  
5.3.1 Distribution of samples 
Table 18 shows the distribution separately for survey waves and gender using complete 
case sample (n=398,303). The proportion of missing data in each variable is presented in a 
separate table using the entire sample as a denominator (n=529,869) (Table 19).  
There is a large decline of household J-SEC class II (by 60%) and a rather small decline 
in class III. There was a more than 80% increase in the number of men in class I. Similar 
changes but of a slightly smaller magnitude occur in women. In terms of missing data in 
household J-SEC, although there is relatively large missingness (<6.0%) in the early 2000s, 
mean missingness is 2.6% in men and 2.0% in women. 
Men are slightly more likely to be in a higher income group than women. For example, the 
proportion of men in the highest income decile is 10.1% whereas it was 9.9% in women in 1986. 
These differences are, however, marginal; therefore, instead of presenting proportion, mean 
household income values are presented. There are increases of household income across 
socioeconomic group up to mid-1990s in both genders, but household income gains become 
slower after 1992. After 1998, household income gradually declines in both genders, and the 
declines continued up to 2007 in the lower half of deciles whereas there is a halt in decline or 
some recovery in the higher half of decile groups. The recovery is large in the highest 
household income decile (Figure 16). 
In terms of missing data, age, prefecture and survey year do not have any. The 
percentages of missingness for household income, household J-SEC and self-rated health are 
presented (Table 19). Even though missingness of household J-SEC in 2004 and 2007 and in 
self-rated health in 2007 are a little larger than in other years, the average percentages of 
missingness for these variables are less than or equal to 5 %. These are the levels at which the 
imputation is considered not to make a substantial difference from results obtained using 
complete case analyses (Fraser and Ru, 2007). On the other hand, the average proportion of 
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missing data in household income is more than 20%, and the percentage of missingness for 
each survey year has nearly doubled from around 15% in 1986 to more than 36% in 2007.  
Table 18 Sample sizes, distributions, mean age, and mean household incomes for 
complete cases, 1986–2007 
 
 1986 1989 1992 1995 1998 2001 2004 2007 
 Men 
Analysed sample 32,402 32,464 29,313 26,083 22,840 20,759 16,073 13,562 
Mean age (SD) 40.0(0.1) 40.2(0.1) 40.2(0.1) 39.9(0.1) 40.1(0.2) 40.9(0.2) 41.2 (0.2) 41.7(0.2) 
Age (%)         
20-24 9.4 10.6 11.1 12.5 12.5 9.8 9.5 8.8 
25-29 10.2 10.1 10.5 11.1 11.8 12.0 10.3 9.4 
30-34 13.1 11.5 11.2 11.6 11.2 11.4 12.4 12.4 
35-39 17.8 14.7 12.6 11.4 11.1 11.2 11.5 12.7 
40-44 13.4 15.1 16.8 14.1 12.0 12.5 12.1 11.9 
45-49 12.7 13.7 13.2 15.0 15.5 13.7 13.5 13.1 
50-54 12.3 12.6 12.7 12.9 13.5 16.7 15.8 13.9 
55-59 11.2 11.8 11.9 11.4 12.4 12.8 14.7 17.8 
Household J-SEC (%)        
I 30.6 34.7 38.8 41.4 45.6 45.1 46.9 56.1 
II 43.2 36.9 33.7 30.0 25.6 23.6 23.7 18.6 
III 20.3 20.3 20.5 21.0 19.6 18.0 18.6 15.1 
Other a 5.9 8.1 7.1 7.6 9.3 13.3 10.8 10.2 
Household income (mean, 10,000 yen) 
1 (highest) 704 807 981 1,076 1,084 1,024 904 944 
2 433 492 590 641 659 619 597 608 
3 359 404 486 530 547 512 500 503 
4 309 347 418 455 470 439 430 433 
5 270 302 365 396 410 382 376 375 
6 237 265 321 346 357 331 328 324 
7 205 228 277 299 308 283 284 275 
8 172 192 232 250 257 233 238 225 
9 135 151 182 193 197 176 183 169 
10 (lowest) 85 92 104 107 111 94 103 95 
(Continued)  
Age and household J-SEC presented percentage of sample in each category, hence total is100. 
Household income is mean of household equivalised real-value income (10,000yen). n=398,303. 
 a : ‘Other’ category includes individuals classified in ‘unclassified’ household J-SEC in Table 14 (p. 86). 
These are individuals where a) his/her household  did not include a class I person but included household 
members whose class value was not classifiable, and b) non-working individuals (unemployed, 
homemakers, or students) whose household did not include working members or included working 
members but some members’ class status was uncertain in the absence of class I household member.  
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Table 18 continued 
 
 Women 
Analysed 
sample 34,546 34,186 31,359 27,600 23,896 21,971 16,945 14,304 
Mean age (SD) 39.7(0.1) 39.9(0.1) 40.0 (0.1) 39.9(0.1) 40.1(0.2) 40.8(0.2) 41.2(0.2) 41.6(0.2) 
Age (%)         
20-24 10.2 10.9 12.3 12.2 11.9 9.6 9.1 8.7 
25-29 10.8 11.1 10.7 11.5 12.1 12.2 10.7 9.3 
30-34 13.2 11.5 11.3 11.5 11.5 11.8 12.1 12.6 
35-39 17.0 14.6 12.2 11.6 11.5 11.8 12.4 13.2 
40-44 12.8 14.7 15.9 13.8 11.5 12.1 12.1 12.3 
45-49 12.3 13.6 12.8 14.6 15.4 13.2 13.0 12.8 
50-54 12.4 12.2 12.5 13.0 13.5 16.7 15.2 13.9 
55-59 11.2 11.4 12.3 11.9 12.7 12.7 15.4 17.2 
Household J-SEC (%) 
I 30.7 34.8 38.8 41.4 44.6 45.3 46.1 54.1 
II 43.5 36.8 34.7 30.8 27.4 24.9 25.5 20.6 
III 17.9 18.0 17.7 18.0 17.2 16.4 16.5 14.0 
Other a 7.8 10.4 9.0 9.9 10.9 13.4 12.0 11.4 
Household income (mean, 10,000 yen) 
1 (highest) 719 820 987 1,083 1,084 1,028 912 942 
2 433 492 588 641 659 622 599 606 
3 358 404 486 530 547 511 499 503 
4 307 346 417 455 470 438 430 431 
5 269 301 364 395 409 380 376 374 
6 236 264 319 344 354 330 328 325 
7 205 228 276 298 306 282 283 274 
8 172 191 232 250 256 232 237 224 
9 135 150 181 192 198 176 183 169 
10 (lowest) 84 91 104 106 110 93 101 95 
 
Age, and household J-SEC presented percentage of sample in each category, hence total is100. 
Household income is mean of household equivalised real-value income (10,000yen). n=398,303. 
 a : ‘Other’ category includes individuals classified in ‘unclassified’ household J-SEC in Table 14 (p. 86). 
These are individuals where a) his/her household  did not include a class I person but included household 
members whose class value was not classifiable, and b) non-working individuals (unemployed, 
homemakers, or students) whose household did not include working members or included working 
members but some members’ class status was uncertain in the absence of class I household member.  
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Figure 16 Mean household income by income decile (10,000 yen), 1986-2007 
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n=398,303 
The rate of inflation or deflation was not accounted. Consumer price index inflation rate has increased from 
approximately 0 in 1986 to 2.5% in 1991, and declined after 1991 until it reached -1% in 2002. It was 
around 0% between 2002 and 2007 (Nishizaki et al., 2012) 
 
 
Table 19 The percentage of missing data in exposure and outcome of interest, 1986-2007 
 
 1986 1989 1992 1995 1998 2001 2004 2007 Total 
 Men  
Total sample 39,053 41,002 36,193 33,365 31,174 29,566 25,750 24,281 260,384 
Missing data (%) 
Household 
income 
16.1 18.8 16.3 17.6 23.8 24.9 32.7 36.1 22.2 
Household  
J-SEC 
1.3 2.4 2.3 3.3 2.3 5.4 6.4 4.2 3.2 
Self-rated 
health 
1.2 2.7 3.5 5.3 4.3 6.6 7.9 12.8 5.0 
 Women  
Total sample 40,625 42,193 37,893 34,295 31,923 30,508 26,746 25,302 269,485 
Missing data (%) 
Household 
income 
14.1 17.2 14.6 16.0 22.3 23.6 32.1 36.2 20.8 
Household  
J-SEC 
0.7 1.2 1.3 1.9 1.3 5.7 5.6 2.4 2.3 
Self-rated 
health 
1.1 2.3 3.2 4.4 4.1 5.9 7.2 11.9 4.5 
 
Denominator to calculate missing data was total sample. n=529,869. 
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5.3.2 Prevalence of suboptimal health 
Table 20 presents the prevalence of self-rated suboptimal health and the p-values for the 
chi-squared or the chi-squared trend test for the associations between self-rated suboptimal 
health and exposure and confounding variables. Except for ‘Suboptimal health (%)’, which 
shows the age-standardised prevalence of self-rated fair or poor health, percentages shown in 
the table are unadjusted, and show the crude prevalence. 
The prevalence of suboptimal health is standardised using direct method and using the 
population structure in 2000, the middle of the observation period (Nations, 2010). Age-
standardised suboptimal health declines up to early/mid 1990s, but gradually increases after 
that time in both genders. Evidence for a curvilinear trend is tested (see section 3.5.1, p.62 for 
methods) and shows quadratic trends in the prevalence of suboptimal health in both men 
(p<0.001) and women (p<0.001) (Figure 17). The fitted quadratic models estimated the lowest 
prevalence of suboptimal health around 1994 for men and 1995 for women (Figure 18). 
The prevalence of suboptimal health increases with age and decreasing household 
income. Such trends are less consistent in the household J-SEC, and non-significant x2 trends 
were seen in 1989, 2001, and 2007 in men and 2001 in women.  
There are increases of suboptimal health in 2007 in both genders. These increases 
appear to have been distributed across socioeconomic groups, but there may be a greater 
increase in both the highest and lowest income groups.  
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Table 20 Prevalence of suboptimal health, overall, and by demographic and 
socioeconomic factors separately for men and women, 1986–2007 
 
 1986 1989 1992 1995 1998 2001 2004 2007 
 Men 
Number of 
observations 32,402 32,464 29,313 26,083 22,840 20,759 16,073 13,562 
Suboptimal health 
(n) 3,071 2,907 2,314 2,311 1,928 1,872 1,524 1,620 
Suboptimal health 
(%)a 9.5(±0.3) 8.9(±0.3) 7.8(±0.3) 8.8(±0.3) 8.4(±0.4) 8.8(±0.4) 9.2(±0.4) 11.6(±0.5) 
Age         
20-24 5.0 4.9 4.4 4.6 4.7 5.8 5.4 10.3 
25-29 6.9 6.4 6.1 5.9 6.4 5.8 7.6 9.3 
30-34 8.3 6.6 6.6 7.2 8.7 7.6 7.9 9.8 
35-39 8.1 8.2 7.4 8.2 8.3 8.4 8.3 11.4 
40-44 9.1 8.5 7.8 9.2 8.2 9.2 9.5 11.2 
45-49 10.4 9.2 8.2 10.1 9.1 10.4 10.3 12.2 
50-54 13.2 12.5 9.6 11.3 10.1 10.5 11.5 13.8 
55-59 14.6 14.6 12.4 14.0 11.7 12.6 12.8 14.9 
Chi-trend test <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Household J-SEC         
I 8.9 8.5 7.2 8.4 7.9 8.5 8.8 11.1 
II 8.9 8.5 7.7 8.5 8.1 8.5 9.0 11.6 
III 10.4 9.1 8.1 9.5 9.5 9.6 10.2 11.6 
Other 13.3 12.5 11.9 10.5 9.9 10.3 13.1 17.8 
Missing 10.2 9.3 7.0 9.9 7.8 10.5 7.5 11.8 
Chi-trend test  
(I-III)b 0.0034 0.25 0.030 0.028 0.0022 0.085 0.038 0.46 
Household income         
1 (highest) 7.6 6.9 5.7 7.2 6.7 7.8 7.1 12.4 
2 7.7 8.5 6.2 8.0 7.4 8.6 7.6 11.1 
3 8.4 7.7 6.8 8.6 7.2 9.5 9.0 9.7 
4 8.5 7.8 7.4 8.5 7.8 8.8 9.6 10.9 
5 9.0 8.9 7.2 8.2 7.6 7.9 8.6 11.7 
6 9.8 9.5 7.0 9.0 9.1 7.8 9.8 9.9 
7 9.3 8.6 8.2 9.7 9.0 8.4 11.3 11.7 
8 9.9 9.4 8.6 8.6 8.8 10.8 8.8 12.3 
9 11.6 10.3 11.8 9.3 9.9 9.1 9.5 12.4 
10 (lowest) 13.5 12.2 10.6 11.9 11.4 11.7 14.1 18.0 
Chi-trend test <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0002 <0.0001 <0.0001 
(Continued) 
a: Age-standardised suboptimal (fair + poor) self-rated health. 
b: Chi-square trend test included class I-III only, and  ‘Other’ or ‘Missing’ categories were excluded. 
Age, household J-SEC and household income presented percentage of prevalence of suboptimal 
health in each category, which does not sum up to 100. n=398,303
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Table 20 continued 
 
 Women 
Number of 
observations 34,546 34,186 31,359 27,600 23,896 21,971 16,945 14,304 
Suboptimal health 
(n) 3,987 3,792 2,975 2,278  2,490 2,457 1,939 1,795 
Suboptimal health 
(%)a 11.7(±0.3) 11.2(±0.3) 9.6(±0.3) 8.2(±0.3) 10.4(±0.4) 11.0(±0.4) 11.2(±0.5) 12.3(±0.5) 
Age         
20-24 6.8 7.0 5.5 5.2 7.1 7.2 8.1 11.0 
25-29 7.7 7.7 7.0 5.8 8.0 7.7 9.8 10.4 
30-34 8.6 8.1 7.7 7.1 9.8 10.3 9.9 9.2 
35-39 9.8 8.4 7.9 7.1 9.5 10.6 10.3 11.0 
40-44 11.1 10.8 8.5 7.8 10.7 9.8 10.9 12.4 
45-49 14.8 13.0 11.5 10.2 11.6 13.7 13.2 10.5 
50-54 15.9 16.1 13.0 10.6 12.5 13.6 13.4 16.1 
55-59 17.8 17.6 14.5 11.6 13.4 14.6 13.7 16.9 
Chi-trend test <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Household J-SEC         
I 10.4 10.3 9.1 7.4 10.0 10.9 10.6 11.6 
II 11.1 10.4 9.1 8.0 9.6 10.0 10.6 11.5 
III 12.5 12.4 10.2 8.8 11.6 11.7 12.7 14.6 
Other 16.4 14.0 11.4 11.7 12.7 13.5 14.4 16.3 
Missing 8.3 9.0 10.3 7.6 7.9 12.1 12.4 13.1 
Chi-trend test  
(I-III)b  <0.0001 0.0002 0.044 0.0031 0.015 0.52 0.012 0.0020 
Household income         
1 (highest) 10.5 9.5 7.5 7.3 9.3 9.6 10.1 11.3 
2 10.3 10.0 8.2 8.2 10.2 11.0 9.8 10.9 
3 10.5 10.1 8.0 7.8 10.1 11.7 10.0 12.0 
4 10.4 9.4 9.4 7.7 8.8 10.5 10.4 12.1 
5 10.2 11.1 8.8 7.1 9.5 9.9 10.9 12.8 
6 11.1 10.3 8.5 7.6 10.6 10.4 11.2 13.3 
7 11.8 10.9 9.4 7.9 9.5 10.9 12.7 11.3 
8 11.8 11.0 10.4 7.6 10.7 11.4 12.1 11.8 
9 12.9 12.9 11.2 9.2 12.1 12.0 13.2 14.0 
10 (lowest) 15.4 15.3 12.9 11.7 13.1 14.2 13.6 15.7 
Chi-trend test <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0002 
 
a: Age-standardised suboptimal (fair + poor) self-rated health. 
b: Chi-square trend test included class I-III only, and  ‘Other’ or ‘Missing’ categories were excluded. 
Age, household J-SEC and household income presented percentage of prevalence of suboptimal health in 
each category, which does not sum up to 100. n=398,303 
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Figure 17 Age-standardised prevalence of self-rated suboptimal health, 95% confidence 
intervals, and p-values for test of quadratic trend, 1986-2007 
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The age-standardisation used direct method, using 2000 gender-specific 5-year interval age structure in 
Japan (Nations, 2010). The filled circle represents men, and the hollow circle women. Vertical line is 95% 
confidence interval. P-values for quadratic trends derived from regression models adjusted for age, 
prefecture and household cluster. n=398,303. 
 
Figure 18 Fitted quadratic trends of self-rated suboptimal health in men and women, 
1986-2007 
 
Men
0
.
02
.
04
.
06
.
08
.
1
.
12
.
14
%
 
Po
or
 
he
a
lth
1986 1989 1992 1995 1998 2001 2004 2007
Women
0
.
02
.
04
.
06
.
08
.
1
.
12
.
14
%
 
Po
or
 
he
a
lth
1986 1989 1992 1995 1998 2001 2004 2007
 
  
The model was adjusted for age prefecture, and household cluster. The vertical dashed lines indicate 
1993, 1994 and 1995 in men and 1994, 1995 and 1996 in women. n=398,303. 
5.3.2.1 Age-standardised prevalence according to socioeconomic indicators for each survey 
year 
Figure 19 presents the age-standardised (direct method using 5-year interval gender-
specific population structure in 2000) prevalence by socioeconomic indicators in men and 
women across survey years. Household income is presented by quintile instead of decile for 
ease of understanding. Corresponding to the overall prevalence trends in suboptimal health, 
there are V-shaped suboptimal health trends across household J-SEC strata. Such changes are 
less clear in some groups of household income in men: for example, the lowest household 
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income quintile appears to have continued to have improved health up to the early 2000s, 
whereas the lowest prevalence is 1992 for the highest quintile. In women, health appears to be 
increasingly polarised according to household J-SEC over the time while constant across 
survey years in relation to hosuehold income. Finally, in both socioeconomic indicators, there 
appears to be the convergence of health status in men in 2007. 
Figure 19 Trends in age-standardised prevalence of self-rated suboptimal health by 
household J-SEC and household income quintile in men and women, 1986-2007 
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Age-standardised (direct method using 5-year interval gender-specific population structure in 2000) 
prevalence of suboptimal health by socioeconomic indicators. Sample sizes were n=398,303 for household 
income models and n=352,415 for household J-SEC models. 
5.3.3 Assessments of health inequalities in each year 
Table 21 presents the RII and SII for household J-SEC and household income for each 
survey year adjusted for age, prefecture and household cluster. For ease of understanding, RII 
and SII for each year are graphically presented with the results of tests for time trends in a later 
section (Figure 20, p.104). 
In general, health inequalities by household J-SEC and household income are observed 
over the study period. RII and SII for household J-SEC are not significant at 5% level in 2007 in 
men, as well as 2001 in women. SII for J-SEC was marginally significant in women in 1992.  All 
survey years in both genders RII and SII are significant for household income. Larger 
inequalities are found in men than in women, and in household income than in household J-
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SEC. Health inequalities for household income fluctuate in both relative (RII) and absolute (SII) 
terms, and the largest inequality is observed in the early 1990s and appears to have declined 
since then. Health inequalities by household J-SEC appear to be stable until the early 2000s 
when health inequalities diverge between men and women: RII and SII decline and become 
non-significant in 2007 in men, while these stay significant and are constant or increase in 
women. 
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Table 21 Relative and slope indices of inequality in self-rated suboptimal health by household J-SEC (class I-III) and household income, 1986-2007 
 
 1986 1989 1992 1995 1998 2001 2004 2007 
RII for household J-SEC  
  Men 1.33(1.14,1.55)* 1.18(1.01,1.37)* 1.27(1.07,1.51)* 1.25(1.05,1.49)* 1.32(1.09,1.60)* 1.26(1.02,1.54)* 1.30(1.04,1.62)* 1.13(0.90,1.41)  
  Women 1.34(1.17,1.53)* 1.29(1.12,1.49)* 1.16(1.00,1.36)+ 1.31(1.09,1.56)* 1.20(1.01,1.42)* 1.04(0.86,1.25)  1.27(1.03,1.56)* 1.33(1.07,1.66)* 
RII for household income   
  Men 1.97(1.71,2.27)* 1.94(1.68,2.24)* 2.42(2.05,2.85)* 1.66(1.41,1.95)* 1.93(1.61,2.30)* 1.47(1.23,1.75)* 1.94(1.59,2.35)* 1.55(1.27,1.89)* 
  Women 1.56(1.37,1.76)* 1.71(1.51,1.95)* 1.91(1.65,2.20)* 1.48(1.26,1.74)* 1.47(1.26,1.71)* 1.41(1.21,1.65)* 1.65(1.39,1.97)* 1.38(1.15,1.65)* 
SII for household J-SEC  
  Men 2.36(1.11,3.61)* 1.26(0.04,2.47)* 1.65(0.45,2.86)* 1.75(0.37,3.12)* 2.13(0.66,3.60)* 1.79(0.14,3.44)* 2.15(0.27,4.02)* 1.18(-1.12,3.48)  
  Women 2.81(1.47,4.15)* 2.47(1.12,3.83)* 1.35(0.03,2.67)* 1.92(0.61,3.24)* 1.94(0.33,3.56)* 0.42(-1.37,2.22)  2.45(0.39,4.51)* 3.12(0.71,5.53)* 
SII for household income   
  Men 5.75(4.53,6.96)* 5.33(4.17,6.50)* 6.31(5.12,7.50)* 4.01(2.72,5.30)* 4.97(3.62,6.32)* 3.09(1.64,4.55)* 5.60(3.94,7.26)* 4.61(2.54,6.68)* 
  Women 4.46(3.21,5.71)* 5.28(4.04,6.52)* 5.49(4.29,6.70)* 2.95(1.72,4.17)* 3.56(2.11,5.00)* 3.41(1.89,4.94)* 5.04(3.29,6.80)* 3.50(1.52,5.47)* 
 
+p-value <0.1 
*p-value < 0.05 
( ) indicates 95% confidence interval. 
Estimations were adjusted for age (five-year interval categorical variable), prefecture (47 levels categorical variable) and household cluster. RII is relative risk difference, which is 
similar to odds ratio, and SII is absolute percentage difference in prevalence, which was obtained by multiplying coefficients by 100. Sample sizes were n=398,303 for household 
income and n=352,415 for household J-SEC. 
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5.3.4 Assessments of time trends in RII and SII between 1986 and 2007 
5.3.4.1 Test of linear and quadratic RII and SII trends 
Linear and quadratic trends are tested using 1 degree of freedom in models which are 
fully adjusted for confounders, wherein the confounders are included with interaction with 
survey year (the results of the interaction test were shown on p. 63). First, a ‘linear model’ is 
fitted by adding a linear term together with an eight-level categorical calendar year variable to a 
model including a socioeconomic rank variable to estimate the ‘main’ effect of the variable (see 
section 3.5, p.62-). Next, a quadratic term is added to the ‘linear model’. Figure 20 shows the 
RII and SII in self-rated suboptimal health for household J-SEC and household income for each 
year. Also shown are the p-values for the linear trends with time. 
Table 22 shows these estimated time trends and 95% confidence intervals. The time 
trends were also evaluated to see whether there was evidence of any quadratic trends. None of 
the tests for quadratic trend were statistically significant, and these results are not presented. In 
men, there is evidence of linear declining RII for household income over the time; the annual 
declines are about 1.2%. For men, household income SII also showed a marginally significant 
narrowing trend, and the rate of decline was approximately 0.1% per year. Women’s RII linear 
trend also showed marginal significance, and the rate of decline per year was about 0.7% per 
year. SII for household income for women was stable, and average SII was 3.89 (3.39, 4.39) 
(data not shown). Household J-SEC shows constant inequalities in both genders; average RIIs 
are 1.26 (1.18, 1.34) and 1.25 (1.18, 1.33), and average SIIs are 1.80 (1.29, 2.31) and 2.06 
(1.51, 2.61) in men and women, respectively (data not shown).  
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Figure 20 Relative and slope indices of inequality in self-rated suboptimal health by 
household J-SEC (class I-III) and household income, 1986-2007 
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The p-values for the test of linear trends are indicated in text box. Vertical line is 95% confidence interval. 
All analyses are adjusted for age*survey year, prefecture*survey year and household cluster. The filled 
circle represents men, and the hollow circle women. Sample sizes are n=352,415 for household J-SEC 
and n=398,303 for household income. 
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Table 22 Test of linear time trends in relative and slope indices of inequality, 1986-2007 
 
 Linear trend models (95% CIs) 
RII for household J-SEC  
  Men 0.998(0.988,1.008)  
  Women 0.997(0.988,1.006)  
RII for household income   
  Men 0.988(0.980,0.997)* 
  Women 0.993(0.985,1.000)+ 
SII for household J-SEC  
  Men -0.009(-0.091,0.074)  
  Women -0.030(-0.119,0.060)  
SII for household income   
  Men -0.074(-0.150,0.003)+ 
  Women -0.063(-0.142,0.015)  
 
+p-value <0.1 
*p-value < 0.05 
The estimations are adjusted for age*survey year, prefecture*survey year and household cluster. Linear 
trend is obtained by adding a calendar year (categorical) variable and a ‘linear’ term variable (containing 
an interaction between a socioeconomic rank variable and continuous calendar year). Sample sizes are 
n=398,303 for household income and n=352,415 for household J-SEC. 
5.4 Sensitivity analyses for temporal trends in RII and SII 
5.4.1 Excluding samples in 1995  
Analyses were repeated excluding data from the 1995 survey since there was a large 
earthquake several months before the CSLC survey took place. The earthquake hit the large 
city of Kobe and flattened some areas causing thousands of casualties. Not only was the 
prefecture containing the city excluded from the CSLC 1995 survey, the event may have 
affected the people’s perception of well-being and ultimately health. After the exclusion of the 
1995 survey data, time trends in prevalence and RII and SII were reanalysed.  
The quadratic trends in the prevalence of suboptimal health shown in Figure 17 (p. 99) 
are hardly changed for either gender. Significance levels of the RII and SII inequalities’ trends 
are similar to those in the full data: the decreased trend in the RII for household income in men 
remaining evident (p = 0.008). Men’s SII and women’s RII also stayed at marginal significance 
levels (p=0.064 and p=0.065, respectively).  
5.4.2 Household J-SEC including moonlight workers 
In the derivation of the J-SEC, moonlight workers were excluded since the employment 
relations of this employment category appeared to be unclear in the protocol of CSLC. 
However, it is possible that these individuals are relatively disadvantaged in terms of 
employment relations and conditions; therefore, sensitivity analyses were conducted to examine 
the time trend of household J-SEC including these individuals, assuming that they were in class 
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III in individual J-SEC. The total number of moonlight workers was 3,146 out of the total sample 
size of 529,869 for the period of 1986-2007. After the redistribution from individual to household 
J-SEC, the sample size for household J-SEC time trend analyses increased from 352,415 in the 
main analyses reported in section 5.3 to 357,154. The greater increase of the sample size 
compared to the number of moonlight workers is not a problem given the rules of the 
redistribution (see section 4.4.1, p. 85). Regression coefficients for linear time trend terms were 
slightly enlarged in SII and decreased in RII, while all remained non-significant and did not 
change the conclusion. The results are reported in Appendix Table 38 (p. 198). 
5.4.3 Cohort effects 
Results are presented graphically in Appendices (Figures 27-30, Tables 41-44, p. 201-
208) by stratifying gender and cohort for household income and household J-SEC. There are 11 
cohorts in each gender in each socioeconomic indicator. The oldest cohort was born in 1948 
and 1949, and the youngest between 1977 and 1978. All analyses are adjusted for prefecture 
(with interaction with survey year) and household cluster. 
In men, in household income, there is only one cohort, born in 1959-61, which shows 5% 
significance level in narrowing time trend in RII. In terms of J-SEC, two cohorts, born in 1968-70 
and 1971-73 respectively, show significantly narrowing RII time trend (Figures 27 & 29; Tables 
41 & 43). A likelihood ratio test comparing ordered and unordered (heterogeneous) RII time 
trends is significant for household income, indicating heterogeneity in RII time trends across 
cohorts while an ordered change in RII time trends is evident for household J-SEC.  
 In women, there is only one cohort, born between 1986 and 1970, which shows 
significant narrowing time trend in RII in relation to household income between 1986 and 2007. 
None of the other cohorts shows evidence of time trend in RII in either household J-SEC or 
income. In women’s household J-SEC (Figures 28 & 30, Tables 42 & 44, p.203-208), there is 
no evidence of difference in RII household J-SEC time trends across cohorts. In household 
income, a likelihood ratio test is significant and RII time trends appeared to be heterogeneous. 
In summary, although narrowing trends were observed in relation to household income in 
analyses including all cohorts, cohort-specific RII time trends are inconsistent and varied in both 
genders. In addition to the fact that most of the RII time trends are non-significant, the result 
depends on the grouping of cohorts: when cohorts are grouped by shifting one year, two 
cohorts show increasing trends in RII time trend. These were men’s J-SEC and women’s 
income in the cohort born in 1955-57. This indicated that the estimates of cohort-specific RII 
time trends are heavily dependent on grouping, and are not stable. It can be concluded, 
therefore, that there are no consistent RII time trends across cohorts which might have 
influenced the finding of narrowing health inequalities in household income in men and women. 
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5.4.4 Analyses using the imputed datasets 
The time trend analyses were repeated using the imputed datasets. The methods of the 
MI, a multilevel MI using the program REALCOM, were explained in section 3.6.2 (p.65-). 
Sample sizes are 490,362 for household income-related analyses, and 441,793 for household 
J-SEC-related analyses. To clarify, although the dataset used in these sensitivity analyses is 
referred to as an ‘imputed dataset’, imputed values included in the dataset are only for 
household income, not for household J-SEC nor self-rated health. The reason was that the 
percentage of missing data for J-SEC was low and, hence, considered to be ignorable, and the 
imputed values of self-rated health were deleted after MI in order to reduce ‘noise’ in the 
estimates (von Hippel, 2007). Figure 21 and Table 23 show the estimates using these imputed 
datasets. The estimates using the complete cases are also presented in the table for ease of 
comparison. The estimates of income RII and SII in the MI samples reduce between 5% and 
24% in men and between 0% and 37% in women, but to a large extent the patterns remain 
unchanged. In household income, narrowing RII time trend remains significant in men’s RII, and 
marginal significance in complete case analyses becomes evident in relation to men’s SII and 
women’s RII. Women’s SII narrowing trend in household income shows statistical significance 
(Table 23). Results for the household J-SEC are similar except for the changes between 
marginal significance and significance in the 1992 and 1998 RII and SII in women, and the 
significance of the quadratic term in women’s SII. Changes in significance level for linear trends 
in household income RII and SII after MI would be due to the declines in the point estimates in 
later survey waves, and hence the slightly enlarged effect size of time trends. 
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Figure 21 Relative and slope index of inequality in self-rated suboptimal health by 
household J-SEC and household income after multiple imputation, 1986-2007 
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The filled circle represents men, and the hollow circle women. Vertical line is 95% confidence interval. The 
p-values for the test of linear trends are indicated in text box. Sample sizes are n=441,793 for J-SEC and 
n=490,362 for income. All analyses are adjusted for age*survey year, prefecture*survey year, and 
household cluster.  
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Table 23 RII and SII in household J-SEC and household income and test of linear trends in men and women, 1986-2007 
 
 1986 1989 1992 1995 1998 2001 2004 2007 Linear Trends 
Complete case 
RII for household J-SEC   
Men 1.33(1.14,1.55)* 1.18(1.01,1.37)* 1.27(1.07,1.51)* 1.25(1.05,1.49)* 1.32(1.09,1.60)* 1.26(1.02,1.54)* 1.30(1.04,1.62)* 1.13(0.90,1.41)  0.998(0.988,1.008)  
Women 1.34(1.17,1.53)* 1.29(1.12,1.49)* 1.16(1.00,1.36)+ 1.31(1.09,1.56)* 1.20(1.01,1.42)* 1.04(0.86,1.25)  1.27(1.03,1.56)* 1.33(1.07,1.66)* 0.997(0.988,1.006)  
RII for household income    
Men 1.97(1.71,2.27)* 1.94(1.68,2.24)* 2.42(2.05,2.85)* 1.66(1.41,1.95)* 1.93(1.61,2.30)* 1.47(1.23,1.75)* 1.94(1.59,2.35)* 1.55(1.27,1.89)* 0.988(0.980,0.997)* 
Women 1.56(1.37,1.76)* 1.71(1.51,1.95)* 1.91(1.65,2.20)* 1.48(1.26,1.74)* 1.47(1.26,1.71)* 1.41(1.21,1.65)* 1.65(1.39,1.97)* 1.38(1.15,1.65)* 0.993(0.985,1.000)+ 
SII for household J-SEC   
Men 2.36(1.11,3.61)* 1.26(0.04,2.47)* 1.65(0.45,2.86)* 1.75(0.37,3.12)* 2.13(0.66,3.60)* 1.79(0.14,3.44)* 2.15(0.27,4.02)* 1.18(-1.12,3.48)  -0.009(-0.091,0.074)  
Women 2.81(1.47,4.15)* 2.47(1.12,3.83)* 1.35(0.03,2.67)* 1.92(0.61,3.24)* 1.94(0.33,3.56)* 0.42(-1.37,2.22)  2.45(0.39,4.51)* 3.12(0.71,5.53)* -0.030(-0.119,0.060)  
SII for household income    
Men 5.75(4.53,6.96)* 5.33(4.17,6.50)* 6.31(5.12,7.50)* 4.01(2.72,5.30)* 4.97(3.62,6.32)* 3.09(1.64,4.55)* 5.60(3.94,7.26)* 4.61(2.54,6.68)* -0.074(-0.150,0.003)+ 
Women 4.46(3.21,5.71)* 5.28(4.04,6.52)* 5.49(4.29,6.70)* 2.95(1.72,4.17)* 3.56(2.11,5.00)* 3.41(1.89,4.94)* 5.04(3.29,6.80)* 3.50(1.52,5.47)* -0.063(-0.142,0.015)  
Multiple Imputation 
Household  J-SEC RII  
Men 1.38(1.20,1.58)* 1.26(1.09,1.45)* 1.28(1.09,1.50)* 1.25(1.07,1.47)* 1.33(1.12,1.57)* 1.24(1.04,1.49)* 1.35(1.12,1.63)* 1.18(0.98,1.42)+ 0.997(0.989,1.005)  
Women 1.38(1.21,1.56)* 1.27(1.11,1.45)* 1.22(1.05,1.41)* 1.30(1.11,1.54)* 1.17(1.00,1.36)+ 1.08(0.92,1.28)  1.38(1.16,1.65)* 1.37(1.14,1.64)* 0.998(0.990,1.006)  
Household  Income  RII  
Men 1.86(1.61,2.14)* 1.81(1.57,2.08)* 2.19(1.87,2.57)* 1.54(1.31,1.80)* 1.72(1.46,2.04)* 1.44(1.22,1.71)* 1.71(1.43,2.05)* 1.46(1.22,1.75)* 0.988(0.980,0.996)* 
Women 1.55(1.36,1.76)* 1.64(1.45,1.85)* 1.79(1.56,2.06)* 1.38(1.18,1.63)* 1.41(1.21,1.63)* 1.33(1.14,1.56)* 1.54(1.30,1.84)* 1.24(1.05,1.46)* 0.989(0.982,0.997)* 
Household  J-SEC SII  
Men 2.66(1.50,3.81)* 1.81(0.71,2.91)* 1.71(0.61,2.81)* 1.73(0.50,2.97)* 2.14(0.85,3.42)* 1.68(0.27,3.09)* 2.50(0.93,4.07)* 1.59(-0.27,3.45)+ -0.018(-0.089,0.054)  
Women 3.18(1.93,4.43)* 2.30(1.06,3.53)* 1.67(0.44,2.90)* 1.93(0.72,3.13)* 1.39(-0.04,2.81)+ 0.77(-0.81,2.35)  3.17(1.45,4.88)* 3.28(1.35,5.21)* -0.016(-0.094,0.061)  
Household  Income  SII  
Men 5.30(4.08,6.52)* 4.83(3.67,5.98)* 5.62(4.49,6.76)* 3.34(2.12,4.57)* 4.12(2.84,5.40)* 2.95(1.58,4.31)* 4.63(3.06,6.20)* 3.90(2.02,5.78)* -0.081(-0.157,-0.005)* 
Women 4.45(3.17,5.74)* 4.85(3.65,6.05)* 5.01(3.81,6.21)* 2.44(1.22,3.66)* 3.14(1.77,4.51)* 2.84(1.32,4.37)* 4.34(2.60,6.09)* 2.28(0.50,4.07)* -0.100(-0.176,-0.024)* 
 
+p-value <0.1 
*p-value < 0.05 
( ) indicates 95% confidence interval 
All analyses are adjusted for age*survey year, prefecture*survey year, and household cluster. Sample sizes are n=398,303 for household income and n=352,415 for household J-SEC 
in unimputed analyses, and n=490,362 and n=441,793, respectively, for analyses after the MI. Household J-SEC was not imputed, but sample size was expanded as the samples 
having household income value were increased by the MI and the J-SEC samples were nested in the income samples. RII is relative risk difference, which is similar to odds ratio, and 
SII is absolute percentage difference in prevalence, which is obtained by multiplying coefficients by 100. 
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5.5 Summary of Chapter Five 
This chapter presented the analyses of time trends in health inequalities in Japan 
between 1986 and 2007 using nationally representative samples aged from 20 to 59. Time 
trends were tested using RII and SII. Sensitivity analyses were conducted in four different 
aspects: the influence of the earthquake in 1995; inclusion/exclusion of moonlight workers; 
cohort effect; and, missing data. 
There was no evidence of widening health inequalities based on self-rated suboptimal 
health during the study period, including the 15 years of economic standstill after the early 
1990s. Time trends in health inequalities differed between the two socioeconomic indicators: 
household J-SEC showed stable inequalities and household income narrowing in men and in 
women in imputed datasets. Over the whole study period, there was a V-shaped reversal in the 
overall health trend, improvement followed by deterioration, with the lowest prevalence of 
suboptimal health in the early/mid 1990s. The influence of the year 1995 was not observed 
since coefficients for health inequality trends as well as prevalence trends hardly changed after 
the exclusion of the data derived from that year. Time trends in RII across cohorts were 
inconsistent, many of them not being significant, and there appeared not to be substantive 
impact of cohort effect on time trends in health inequalities. Analyses using data after multilevel 
multiple imputation provided supportive evidence of a narrowing time trend in health inequalities 
for household income.  
Discussion regarding the results of time trends analyses, including limitations and 
strengths, is given in Chapter Seven. In Chapter Six, the contributions of mediating factors in 
health inequalities in Japan are examined using the CSLC 2001 datasets.  
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Chapter 6. The assessment of pathways of health inequalities 
In this chapter, the influence of mediating factors on health inequalities is assessed using 
CLSC survey in 2001.  
6.1 The influence of mediating factors 
6.1.1 Objectives 
To assess the extent that the mediating factors can explain income and occupational 
health inequalities in self-rated suboptimal health 
6.1.2 Hypotheses 
It is hypothesised that: 
the health inequalities for household income and household social class based 
on self-rated suboptimal health would be partly explained by the mediating 
effects of material, behavioural, psychosocial and social relational factors. 
6.2 Methods 
6.2.1 Sample size 
The samples used in the analyses are complete cases without missing data in relevant 
variables from CSLC 2001. The sample sizes are 40,243 for household income-related 
analyses, and 33,501 for household J-SEC-related analyses. The J-SEC sample is the 
subsample of the sample for income-related analyses. The detailed process leading to the 
defined sample sizes were reported elsewhere (see section 3.7.3, p. 72). 
6.2.2 Analytical model  
The pathways examined are selected based on a literature review. As summarised in 
the literature and theory review in Chapter One, mediating factors linking SEP and health were 
considered to be: 1) material, 2) behavioural, 3) psychosocial, and 4) social relational. The 
analytical model is provided in Figure 22. The solid arrows indicates the causal path from SEP 
to mediating factors, and from mediating factors to self-rated suboptimal health. The dashed line 
indicates non-causal associations between mediating factors.  
Baron & Kenny (1986) clarified the conditions for mediating factors to influence 
outcomes. Three preliminary examinations involve the conditions that: 1) the initial association 
between X (socioeconomic position) and Y (self-rated health) must be significant; 2) variation in 
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X must account for variation in M (mediators); and 3) variation in M must account for variation in 
Y. Following this process, preliminary analyses are presented for the association between SEP 
and mediating factors, and between mediating factors and health. 
 
In the analytical model, mediating factors are considered to be associated with each 
other. For example, it has been reported that smoking was associated with lesser physical 
activity, greater alcohol consumption, non-regular eating of breakfast in men, and being single 
in women (Hu et al., 2007). A highly stressful job was associated with unhealthier dietary habit, 
smoking, or other unhealthy behaviours (Tsutsumi et al., 2003, Kawakami et al., 2006, Heikkila 
et al., 2012). The greater number of social roles was associated with lower likelihood of 
smoking, doing more exercise, and attending health check-ups in women, and lower likelihood 
of smoking and health-problems but greater probability of drinking in men (Takeda et al., 2006, 
Ikeda et al., 2009). In Figure 22, these types of bidirectional association are indicated by 
dashed lines. 
Psychosocial 
Socioeconomic position 
Self-rated health 
Material Behavioural Social relational 
Causal association 
Bidirectional association 
Figure 22 Conceptual association between socioeconomic position, health, and the 
potential mediating factors 
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6.2.3 Variables 
Material, behavioural, psychosocial, and social relational factors from the CSLC self-
completing questionnaires are used as mediating factors in analyses in this chapter. The 
detailed description of each variable was given in section 3.2.3 (p. 56-).  
As in the other chapters, the outcome used is self-rated suboptimal health, combining the 
poorer two categories together as the outcome and the better three categories as the reference 
group. Exposures of interest are household J-SEC and household income decile. The two SEP 
indicators are used since these would delineate different dimensions of social as well as health 
inequalities. Household income decile was constructed within the younger (20-39 years) and the 
older (40-59 years) age groups separately. The two age groups were then combined together in 
order to take account of the generally greater income in the older generation compared to that 
of the younger, which may have resulted in overestimation of income inequality.  
Variables indicating material standard of living are homeownership and living density. 
Homeownership is a categorical variable having five levels of category: owned house; renting 
from private housing companies/landlords; accommodation provided by employer; social 
housing or renting from ‘Urban Renaissance Agency’; and lodging or other. Living density is 
calculated by dividing the number of household members by the number of rooms, and is used 
as a continuous variable. 
Behavioural factors consist of sufficient sleep, balanced diet, regular intake of meals, 
exercise, smoking, excessive alcohol intake and health check-ups. For the ease of 
understanding, apart from smoking, the variables are coded so that 0 indicates healthier 
behaviour and 1 indicates unhealthier. Smoking is a categorical variable having four-levels. 
Psychosocial factors were assessed using a single measure of perceived stress: 
‘Currently, do you have anxiety or stress in your daily life?’ The variable was coded 0 for not-
stressed and 1 for stressed. 
Social relational factors are measured by marital status and living alone. Marital status 
was used in four levels as it was collected, and these are: married, single, widowed, and 
separated. Living alone is constructed by 0=household having more than one person and 
1=one-person household.  
The confounding variables included in models are age and prefecture. There was no 
gender interaction in the associations between SEP variables and self-rated suboptimal health 
in models adjusted only for confounding variables as well as for all mediating variables in this 
particular survey wave when all covariates are included with interaction with gender to reflect 
the stratification by gender. However, gender stratified analyses are presented to clearly 
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examine health inequalities as well as the influence of mediating factors. This is because there 
was significant gender interaction in time trend RII and SII over the study period, and 
preliminary analyses in this chapter show that some of the associations between SEP and 
mediators as well as mediators and health differ by gender. A model adjusting for gender is, in 
the meantime, presented to support the understanding.  
6.2.4 Statistics 
X2 test, x2 trend test, univariate and multivariable logistic regression models, and 
bootstrapping method for the 95% confidence intervals of the attenuation of RII are used for 
analyses. The detailed explanation of statistical methods was given in section 3.3 (p. 59).  
First, after examining the distribution, the associations between SEP and mediators as 
well as mediators and self-rated suboptimal health are investigated. The relations between SEP 
and mediators are summarized using RII; the relation between mediators and self-rated 
suboptimal health is expressed using odds ratios. 
Second, the extent to which the health inequalities are accounted for by the mediating 
factors is summarised by estimating the RII in univariate and multivariable logistic regressions. 
The percentage explained by the mediating factors is calculated as 100*(β1-β2)/β1 and 
bootstrapped 95% confidence intervals are computed (the detailed account was given in section 
3.3.5, p. 61). ‘Independent contributions’ are calculated by subtracting the percentage change in 
RII of a model without a given factor from a model including all variables (Skalicka et al., 2009, 
van Oort et al., 2005). 
6.3 Results 
6.3.1 Preliminary analyses 
6.3.1.1 Distribution 
Table 24 shows the distribution of the sample in each of the variables in the sample as 
well as the percentage of the sample having suboptimal health in each category of the 
variables. The sample size is slightly larger in women than in men. The distribution is similar in 
the nested sample for the household J-SEC (data not shown). The prevalence of reported 
suboptimal health is greater in women than in men. Mean ages are around the mid-point of the 
age distribution in both genders. In all other variables, the distribution is presented by the 
percentage of sample in a given variable (left) and the percentages of sample having 
suboptimal health in a given category (right).   
The x2 test for gender differences is evident in all variables except for age and living 
density. Women are more likely than men to be at lower household income, but differences are 
not large. The prevalence of the lowest J-SEC class was greater in men than in women. In both 
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household income and social class, being at a lower position appears to be associated with 
greater risk of suboptimal health, and x2 trend test is significant in both genders in household 
income. There was no class difference in household J-SEC in the prevalence of suboptimal 
health in both men and women.  
With respect to material factors, occupation-related housing is a little greater in men, but 
gender differences are at most around 1%. Around 75% of the population owns a house, and 
15% is in private renting. Individuals who own a house show lower prevalence of suboptimal 
health. Work-related housing shows relatively low prevalence of suboptimal health, perhaps 
reflecting the fact that the people who are provided with work-related accommodation tend to be 
younger and work for relatively well-established companies.  
All behavioural and psychosocial variables show significant gender differences in their 
distribution, and a greater proportion of men than women answer that they are not having 
sufficient sleep, are having an unbalanced diet, are eating meals at irregular times, and smoking 
daily. The difference in excessive alcohol intake by gender is only small, and women are slightly 
less likely to exercise. Attendance at health check-ups showed a large gender difference, and 
44% of women did not attend health check-ups in the past year in contrast with 30% of men. In 
all these variables, except for health check-ups, unhealthier behaviours show higher prevalence 
of suboptimal health in both genders, although the x2 test was marginally significant in women’s 
excessive alcohol intake. In both men and women, non-attendance at health checks is 
associated with lower prevalence of poorer health than those who attend.  
More women reported stress than men. In both men and women, those who are stressed 
had approximately five to six times greater prevalence of suboptimal health than those who 
report as not stressed. 
Around 70% of men and women are married, and almost a third of men are single 
compared to just over one fifth of women. Separated or widowed are higher in women. Being 
single appears to be the healthiest in both genders. Men are more likely than women to live 
alone, and one-person households show at higher prevalence of suboptimal health although the 
x2 test was not significant for either gender. 
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Table 24 Distribution of sample and prevalence of self-rated suboptimal health in 
samples, 2001 
 
  Men  Women 
Total sample size 19,486   20,757  
Age (mean years) 40.9   40.7  
Self-rated health*      
 0(excellent, very good or good) 17,696   20,757  
 1(fair or poor) 1,790 
(9.2%) 
  2,323 
(11.2%) 
 
 
Variables % a or mean 
Suboptimal 
health  
% b 
 
 
% a or mean 
Suboptimal 
health  
% 
Age (categorical)      
 20-24 9.6 6.1  9.5 7.5 
 25-29 12.0 6.0  12.4 7.7 
 30-34 11.5 7.7  11.9 10.5 
 35-39 11.2 8.6  11.8 10.6 
 40-44 12.6 9.1  12.1 9.9 
 45-49 13.6 10.7  13.2 13.9 
 50-54 16.7 10.7  16.7 13.3 
 55-59 12.7 12.8  12.4 14.4 
 P for x2 trend  <0.0001   <0.0001 
Household income (decile)*      
 1(highest) 10.2 7.7  9.8 9.7 
 2 10.4 8.5  9.7 11.5 
 3 10.3 9.7  9.7 11.4 
 4 10.2 9.3  9.8 10.5 
 5 10.0 7.7  9.9 10.2 
 6 10.0 8.0  10.0 10.3 
 7 10.2 8.6  10.0 10.6 
 8 9.9 10.8  10.1 11.5 
 9 9.6 9.2  10.4 11.8 
 10(lowest) 9.3 12.8  10.7 14.3 
 P for x2 trend  <0.0001   0.0002 
Household J-SEC*      
 I 52.3 8.6  52.4 10.9 
 II 27.2 8.5  28.8 10.0 
 III 20.5 9.9  18.8 11.6 
 P for x2 trend  0.061   0.68 
Material       
Homeownership*      
 Owning 74.1 8.8  74.9 10.7 
 Renting 15.3 9.9  14.6 12.1 
 Work-related 4.0 9.5  3.0 11.5 
 Social housing/Agency 5.4 12.0  6.3 13.3 
 Lodging 1.2 8.5  1.3 17.5 
 x
2
 test  0.007   <0.001 
Living density      
 Living density (mean, (SD)) 0.7(0.3)   0.7(0.3)  
(Continued) 
* p<0.05 in t-test or x2 test in gender difference in a given variable                                 
a : the column total is 100% 
b: the % is calculated in each row, hence column total is NOT 100% 
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Table 24 Continued 
 
 
Men  Women 
Behavioural      
Not sleep enough*      
 Sleep enough 31.0 7.0  34.9 8.3 
 Sleep not enough 69.1 10.2  65.1 12.8 
 x
2
 test   <0.001   <0.001 
Unbalanced diet*      
 Balanced 28.3 6.8  37.6 10.1 
 Unbalanced 71.7 10.1  62.4 11.9 
 x
2
 test  <0.001   <0.001 
Irregular meal*      
 Regular  41.0 7.7  52.0 9.9 
 Irregular 59.0 10.3  48.0 12.6 
 x
2
 test  <0.001   <0.001 
No exercise*      
 Do exercise 29.8 6.5  27.9 7.9 
 No exercise 70.2 10.3  72.1 12.5 
 x
2
 test  <0.001   <0.001 
Smoke*      
 Non smoker 41.0 9.0  83.2 10.6 
 Daily smoker 55.3 9.2  14.3 13.8 
 Smoke sometimes 2.2 7.8  1.8 15.1 
 Smoke past 1.6 16.4  0.7 18.2 
 x
2
 test  <0.001   <0.001 
Avoid  excess alcohol intake*      
 Not excess 25.8 8.3  24.0 10.5 
 Excess 74.3 9.5  76.0 11.4 
 x
2
 test  0.002   0.067 
Non-attendance to health check-ups*      
 Attended 70.5 9.4  56.6 11.9 
 Not attended 29.5 8.8  43.5 10.3 
 x
2
 test  0.20   0.001 
Psychosocial      
Perceived stress*      
 Not stressed 48.5 2.6  39.2 2.7 
 Stressed 51.5 15.4  60.8 16.7 
 x
2
 test  <0.001   <0.001 
Social relational      
Marital status*      
 Married 68.6 9.6  71.4 11.6 
 Single 28.4 7.9  21.7 8.7 
 Widowed 0.6 11.2  2.3 13.3 
 Separated 2.4 13.6  4.7 16.2 
 x
2
 test  <0.001   <0.001 
Living alone*      
 Not alone 93.0 9.0  95.6 11.2 
 Alone 7.0 12.2  4.4 11.6 
 x
2
 test  0.061   0.68 
 
* p<0.1, ** p<0.05 in t-test or x2 test in gender difference in a given variable 
a : the column total is 100% 
b: the % is calculated in each row, hence column total is NOT 100% 
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Association between socioeconomic indicators and mediating factors 
Table 25 presents RII for the relation between household income and mediating factors. 
The direction of association is the same for many variables between household income and 
household J-SEC models, although the effect size is often larger in the income models. The 
examination for household J-SEC is presented in Appendices Table 39 (p.199). Linear 
regression is used for living density, multinomial regression for homeownership and smoking 
and marital status, and logistic regression for the other outcomes. In household income models, 
the estimates obtained are interpreted as the probability of outcome comparing the bottom to 
the top of the income hierarchy, taking into account the decile groups in between. For example, 
0.25 in living density indicates that the number of people in a room is 0.25 (person) greater in 
the lowest income compared to the top; for homeownership, those at the bottom income 
hierarchy are 5.67 times more likely to be renting their residence but 0.31 times (i.e. less likely) 
to be in work-related accommodation. The model is adjusted for age, prefecture and household 
clustering.     
Since the RII assumes that there is a linear association between exposure and outcome, 
this assumption is tested using likelihood ratio tests comparing continuous and categorical 
socioeconomic variables. The results of the linearity tests are presented in the third column for 
both genders. Indicators A and B are used when the association is linear or close to linear, and 
C and D indicate a non-linear association where, if possible, the shape of association is 
denoted. 
Many of the mediating factors showed significant association with SEP measured by 
household income and household J-SEC, and the associations are more modest in relation to 
household J-SEC than to household income. Being at the lowest SEP is associated with 
substantially higher probability of renting accommodation and social housing. Being in work-
related housing is less likely for low household income but unrelated to household J-SEC. 
Lodging was significantly associated with low household income but only marginally with 
household J-SEC. The lowest SEP is associated with a slightly greater number of people in a 
room.  
Apart from insufficient sleep, and men’s non-attendance at health check-ups in household 
J-SEC, all other behavioural variables are significantly associated with household income and 
household J-SEC in both genders. The probability of being a daily smoker is significantly 
associated with household income and household J-SEC in both genders. Unhealthier 
behaviours are associated with lower SEP in both genders in both socioeconomic indicators. 
There is a three to four times likelihood of non-attendance at health check-ups in relation to 
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household income in both genders and a 40% greater likelihood in relation to the household J-
SEC in women. No such association is observed in relation to the household J-SEC in men.  
Perceived stress is not associated with household J-SEC in either gender, but is 
significantly associated with household income in women but only marginally associated in men.  
Compared to married individuals, low income and low J-SEC class are associated with 
higher likelihood of being widowed, separated, and living alone in both genders except for non-
significance in relation between household income and widowhood in men. Low income is 
associated with a lower likelihood of being single in both genders, but low J-SEC class is 
associated with a low likelihood of being single in women but a high likelihood of it in men. The 
RII in household income for being separated in women shows a substantially large effect size. 
This is considered to be due to the quadratic association between the level of income and 
probability of being separated, which is particularly large in the lowest income decile.   
Overall, the analyses between SEP and mediating factors have shown that most of the 
mediating factors, apart from sleep, are associated with household income and household J-
SEC. In most of the circumstances, unhealthier factors are associated with low SEP.  
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Table 25 The relative index of inequality of the association between household income and mediating factors, 2001 
 
  Men (n=19,486)  Women (n=20,757) 
 
Model a Linearity d  Model a Linearity d 
Material       
Homeownership b Owning 1.00   1.00  
 Renting 5.67(4.79,6.72)* A  9.68(8.12,11.55)* B 
 Work-related 0.31(0.23,0.42)* C (∩-shape)  0.60(0.44,0.82)* C(∩-shape) 
 Social housing/Agency 19.38(14.51,25.9)* A  32.4(24.61,42.65)* B 
 Lodging 5.14(2.91,9.09)* B  8.99(5.18,15.61)* A 
Living density c Living density  0.25(0.23,0.27)* B  0.22(0.20,0.24)* B 
Behaviour       
Insufficient sleep Sufficient sleep 1.00   1.00  
 Insufficient sleep 0.94(0.84,1.05)  A  1.06(0.96,1.18)  A 
Unbalanced diet Balanced diet 1.00   1.00  
 Unbalanced diet 1.73(1.54,1.95)* A  1.95(1.75,2.17)* A 
Irregular meal Regular meal 1.00   1.00  
 Irregular meal 1.15(1.03,1.29)* A  1.48(1.33,1.64)* A 
No exercise Do exercise 1.00   1.00  
 No exercise 1.48(1.32,1.66)* A  1.40(1.25,1.57)* A 
Smoke Non smoker 1.00   1.00  
 Daily smoker 1.52(1.37,1.70)* A  3.89(3.34,4.54)* A 
 Smoke sometimes 0.83(0.57,1.19)  A  1.92(1.32,2.81)* A 
 Smoke past 0.83(0.54,1.26)  D  1.60(0.88,2.91)  D 
Avoid excess alcohol intake Not excess 1.00   1.00  
 Excess 1.16(1.03,1.30)* D  1.37(1.21,1.54)* A 
Non-attendance to health check-ups Attended 1.00   1.00  
 Not attended 4.30(3.79,4.87)* C(J-shape)  3.28(2.95,3.65)* B 
Psychosocial       
Perceived stress Not stressed 1.00   1.00  
 Stressed 1.11(1.00,1.23) + A  1.26(1.14,1.40)* A 
Social relational       
Marital status b Married 1.00   1.00  
 Single 0.69(0.59,0.81)* C(ᴗ-shaped)  0.53(0.45,0.62)* C(ᴗ-shaped) 
 Widowed 1.61(0.81,3.20)  D  12.98(8.92,18.90)* D 
 Separated 3.30(2.28,4.77)* D  50.02(36.58,68.39)* C(quadratic) 
Living alone Not alone 1.00   1.00  
 Alone 1.49(1.18,1.87)* D  9.72(7.27,12.98)* C(quadratic) 
 
+
 p<0.1, * p<0.05 
( ) shows 95% confidence interval 
a: Model was adjusted for age, prefectures, and household cluster. Women’s marital status is not adjusted for household cluster since the model did not converge 
b: Estimated using multinomial logistic regression, and estimates are interpreted the same as odds ratio. 
c: Linear regression 
d :Linearity was tested using likelihood ratio test comparing continuous and categorical income adjusting for age, prefecture, and survey year. ‘A’ indicated there was a linear association between income and the outcome (the increase of income was associated with 
changes in outcome) (likelihood ratio test > 0.05); ‘B’ indicated that although there appeared to be a linear association between income and outcome, likelihood ratio test indicated that there was significant departure from linearity (< 0.05); ‘C’ indicated the association 
between income and outcome appeared not to be linear, and likelihood ratio test indicated significant departure from linearity (< 0.05); and ‘D’ indicated the association was inconsistent (such as up and down).  
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Association between mediating factors and self-rated suboptimal health  
Table 26 presents the probability of self-rated suboptimal health in relation to mediating 
variables using logistic regression. The values are odds ratios and interpreted as the odds ratio 
of self-rated suboptimal health according to the level of each exposure variable. The same 
analyses are repeated for the household J-SEC subsample, and associations are similar (in 
Appendices Table 40, p.200). 
Estimates are adjusted for age, prefecture, and household cluster.  
In women, housing tenure, work-related housing and higher living density show 
significantly or marginally significantly increased prevalence of self-rated suboptimal health in 
the model adjusted for age, prefecture and household cluster. In men, lodging and living density 
are not associated with health, and work-related housing is marginally associated with 
suboptimal health. Many of the associations retain significance in the model adjusted for 
household income (as well as household J-SEC in Table 40). 
All unhealthier behaviours except for non-attendance at health check-ups are associated 
with suboptimal health in both genders. In men, self-rated suboptimal health is significantly 
associated with past smoking but not with other smoking categories in men, and all levels of 
smoking status are significantly associated with suboptimal health in women.  Non-attendance 
at health check-ups are not associated with suboptimal health in men, but non-attendees show 
significantly lower probability of suboptimal health in women.  
Perceived stress showed a strong association with self-rated suboptimal health in both 
genders. 
Compared with married individuals, being separated is associated with suboptimal health 
in both genders. Being widowed and separated are not associated with poorer health in women, 
but being single is associated with suboptimal health in the age and prefecture adjusted model 
in men. Living alone is associated with suboptimal health in men but not in women. 
In the preliminary examinations of the associations between SEP and mediators and 
mediators and health, insufficient sleep was associated with suboptimal health but not with 
SEP. Therefore sleep does not meet the conditions to be a mediating factor in the 
conceptualised model. All variables except for sleep are retained for the following analyses. 
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Table 26 The odds ratio for the association between potential mediating factors and self-
rated suboptimal health, 2001 
 
  
Men (n=19,486)  Women (n=20,757) 
  
   
Material     
Homeownership Owning 1.00  1.00 
 Renting 1.33(1.16,1.54)*  1.32(1.16,1.49)* 
 Work-related 1.25(0.97,1.61) +  1.26(0.97,1.63) + 
 Social housing/Agency 1.57(1.28,1.92)*  1.32(1.10,1.57)* 
 Lodging 1.02(0.63,1.64)   1.89(1.37,2.60)* 
Living density Living density  1.08(0.93,1.26)   1.21(1.06,1.39)* 
Behaviour     
Insufficient sleep Sufficient sleep 1.00  1.00 
 Insufficient sleep 1.65(1.47,1.85)*  1.67(1.51,1.84)* 
Unbalanced diet Balanced diet 1.00  1.00 
 Unbalanced diet 1.70(1.50,1.92)*  1.31(1.20,1.44)* 
Irregular meal Regular meal 1.00  1.00 
 Irregular meal 1.57(1.42,1.75)*  1.48(1.35,1.62)* 
No exercise Do exercise 1.00  1.00 
 No exercise 1.71(1.52,1.93)*  1.82(1.63,2.03)* 
Smoke Non smoker 1.00  1.00 
 Daily smoker 1.08(0.98,1.20)   1.43(1.27,1.61)* 
 Smoke sometimes 0.98(0.68,1.40)   1.70(1.27,2.28)* 
 Smoke past 1.96(1.43,2.68)*  2.32(1.51,3.57)* 
Avoid  excess alcohol 
intake 
Not excess 1.00  1.00 
 Excess 1.19(1.06,1.33)*  1.11(1.00,1.24)* 
Non-attendance to 
health check-ups 
Attended 1.00  1.00 
 Not attended 1.01(0.90,1.13)   0.91(0.84,1.00) + 
Psychosocial     
Perceived stress Not stressed 1.00  1.00 
 Stressed 7.01(6.10,8.07)*  7.29(6.33,8.41)* 
Social relational      
Marital status Married 1.00  1.00 
 Single 1.18(1.02,1.37)*  0.99(0.86,1.15)  
 Widowed 1.04(0.58,1.85)   1.00(0.76,1.32)  
 Separated 1.44(1.10,1.88)*  1.45(1.21,1.74)* 
Living alone Not alone 1.00  1.00 
 Alone 1.53(1.29,1.82)*  1.04(0.84,1.28)  
 
+
 p<0.1,  p<0.05 
( ) shows 95% confidence interval 
Estimates were adjusted for age, prefecture and household cluster.  
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6.3.2 Assessment of influences through the mediating factors to health inequalities 
6.3.2.1 Socioeconomic position and self-rated suboptimal health 
Tables 27-29 present the assessment of the extent of the influence of the mediating 
factors on health inequalities in self-rated suboptimal health in 2001, for men and women 
separately. Since household J-SEC and self-rated suboptimal health do not show a significant 
association in women in a model only adjusted for the confounding variables (1.03 95%CI 0.85, 
1.25), the conditions for mediation analyses are not met and, therefore, results are not 
presented for women. Effect size of RIIs is larger for household income than that for household 
J-SEC.  
The assessments of association between socioeconomic indicators and health, and the 
degrees of attenuation by the inclusion of mediating factors show that material, behavioural, 
psychosocial, and social relational factors partially explain health inequalities for household 
income and household J-SEC, and RII failed to reach statistical significance after the inclusion 
of all or some of the mediating factors in models for household J-SEC. Material, behavioural 
and social relational factors show a consistent contribution to health inequalities, yet perceived 
stress contributed differently  according to socioeconomic indicator used and gender. Apart from 
excessive alcohol intake, the mediating factors also retain independent association with 
suboptimal health after mutual adjustment (Tables 27-29).  
In men, the proportion explained by the mediating factors in RII for household income is 20% 
and 22% for household J-SEC. In women, 44% is explained in RII for household income.  When 
genders are combined, 32% of RII is explained by the inclusion of all mediating factors.  
In income models, the inclusion of perceived stress attenuates the income inequalities in 
suboptimal health in both genders (Table 28 & Table 29); however, in J-SEC models in men, 
the inclusion of the stress strengthens the association (Table 27).  
The independent effects of each mediating factor in Model 6 are largely similar in both 
household J-SEC and household income models and in both men and women (Tables 27-29). 
Exceptions are the elevated risk of suboptimal health in social housing in men but not in women, 
and in lodging housing tenure in women but not in men; a persisting independent association 
between all smoking statuses and suboptimal health in women but only past smokers in men; a 
persisting association between unbalanced diet in men but no association in women; increased 
risk of suboptimal health in single men but not in single women; and decreased risk of 
suboptimal health in women living alone but no association in men.  
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Table 27 Relative Index of Inequality of self-rated suboptimal health by household J-SEC in men, 2001 
 
 Sample numbers  Model 1 Model 2 Model 3 Model 4 Model 5 Model6 
RII    1.28(1.04,1.59)* 1.24(1.00,1.53) + 1.22(0.98,1.51) + 1.32(1.06,1.64)* 1.24(1.00,1.53) + 1.21(0.97,1.51) + 
% Difference from Model1a    n.a. -14.6(-100.0,-1.4)  -20.0(-100.0,-7.4)  11.3(-12.1,69.4) -14.7(-100.0,-2.5)  -22.2(-100.0,6.3)  
Material  SRHb =0 SRH=1        
Homeownership Owning 10,945 1,033   1.00    1.00 
 Renting 2,172 216   1.20(1.02,1.42)*    1.09(0.91,1.32)  
 Work-related 652 72   1.34(1.03,1.74)*    1.33(1.00,1.77) + 
 Social housing/Agency 743 87   1.34(1.05,1.71)*    1.27(0.99,1.64) + 
 Lodging 171 15   0.97(0.56,1.69)     0.89(0.51,1.54)  
Living density Living density      0.95(0.79,1.14)     0.98(0.80,1.19)  
Behaviour           
Unbalanced diet Balanced diet 4,300 300    1.00   1.00 
 Unbalanced diet 10,383 1,123    1.38(1.18,1.60)*   1.31(1.12,1.53)* 
Irregular meal Regular meal 6,147 479    1.00   1.00 
 Irregular meal 8,536 944    1.35(1.19,1.54)*   1.24(1.09,1.42)* 
No exercise Do exercise 4,481 305    1.00   1.00 
 No exercise 10,202 1,118    1.45(1.26,1.67)*   1.39(1.21,1.60)* 
Smoke Non smoker 6,587 572    1.00   1.00 
 Daily smoker 8,903 781    0.96(0.86,1.09)    0.97(0.86,1.10)  
 Smoke sometimes 343 29    1.05(0.71,1.55)    1.05(0.71,1.57)  
 Smoke past 273 41    1.78(1.25,2.52)*   1.48(1.04,2.12)* 
Avoid  excess alcohol intake Not excess 3,796 332    1.00   1.00 
 Excess 10,887 1,091    0.98(0.85,1.12)    0.99(0.86,1.14)  
Non-attendance to health check-
ups 
Attended 10,470 1,046    1.00   1.00 
 Not attended 4,213 377    0.92(0.81,1.04)    0.96(0.84,1.10)  
Psychosocial           
Perceived stress Not stressed 7,631 201     1.00  1.00 
 Stressed 7,052 1,222     6.60(5.66,7.70)*  6.33(5.42,7.39)* 
Social network           
Marital status Married 10,248 1,048      1.00 1.00 
 Single 4,020 320      1.01(0.85,1.20)  1.12(0.93,1.35)  
 Widowed 82 10      0.94(0.48,1.84)  0.88(0.44,1.76)  
 Separated 333 45      1.09(0.78,1.54)  1.13(0.79,1.61)  
Living alone Not alone 13,731 1,300      1.00 1.00 
 Alone 952 123      1.39(1.11,1.73)* 1.09(0.84,1.42)  
 
+
 p<0.1, * p<0.05 
( ) shows 95% confidence interval 
Outcome was self-rated suboptimal health (1=fair or poor, 0=excellent, very good, or good). The results are risk of having self-rated suboptimal health by comparing to reference category (indicated by 1.00) or by one unit increase (only overcrowded). 
a : the size of attenuation in the effect size of RII due to the inclusion of mediating variables (i.e. % accounted for by mediator(s)). Bias-corrected confidence intervals were estimated by Bootstrapping method using 2,000 replications. n=16,106.  
b : Self-rated health, 0=excellent, very good, or good; 1=fair or poor. 
Model 1: Adjusted for age, prefecture and household cluster 
Model 2: Model 1 + Material factors (homeownership, living density) 
Model 3: Model 1 + Behavioural factors 
Model 4: Model 1 + Psychosocial factor  
Model 5: Model 1 + Social relational factors 
Model 6: Model 1 + Material + Behavioural + Psychosocial + Social relational 
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Table 28 Relative Index of Inequality of self-rated suboptimal health by household income decile in men, 2001 
 
 Sample numbers  Model 1 Model 2 Model 3 Model 4 Model 5 Model6 
RII    1.59(1.32,1.91)* 1.51(1.25,1.83)* 1.54(1.27,1.86)* 1.56(1.29,1.88)* 1.56(1.30,1.87)* 1.45(1.19,1.77)* 
% Difference from Model1a    n.a. -10.7(-26.4,-0.6) -7.2(-18.9,2.2) -4.1(-14.4,5.0) -3.7(-8.0,-0.5) -20.0(-43.6,-2.1) 
Material  SRHb =0 SRH=1        
Homeownership Owning 13,166 1,275   1.00    1.00 
 Renting 2,681 295   1.30(1.13,1.50)*    1.18(1.00,1.39) + 
 Work-related 713 75   1.33(1.03,1.71)*    1.32(1.00,1.73)* 
 Social housing/Agency 920 125   1.50(1.22,1.85)*    1.39(1.12,1.73)* 
 Lodging 216 20   0.99(0.61,1.59)     0.88(0.54,1.43)  
Living density Living density  n.a.    0.89(0.76,1.06)     0.95(0.80,1.14)  
Behaviour           
Unbalanced diet Balanced diet 5,136 375    1.00   1.00 
 Unbalanced diet 12,560 1,415    1.36(1.19,1.56)*   1.31(1.14,1.51)* 
Irregular meal Regular meal 7,384 612    1.00   1.00 
 Irregular meal 10,312 1,178    1.32(1.18,1.48)*   1.20(1.06,1.35)* 
No exercise Do exercise 5,427 375    1.00   1.00 
 No exercise 12,269 1,415    1.50(1.32,1.70)*   1.44(1.27,1.64)* 
Smoke Non smoker 7,270 715    1.00   1.00 
 Daily smoker 7,985 715    0.97(0.87,1.08)    0.98(0.88,1.10)  
 Smoke sometimes 10,769 991    0.94(0.65,1.35)    0.94(0.65,1.36)  
 Smoke past 421 33    1.90(1.39,2.61)*   1.54(1.11,2.13)* 
Avoid  excess alcohol intake Not excess 4,600 418    1.00   1.00 
 Excess 13,096 1,372    0.98(0.86,1.11)    0.99(0.87,1.12)  
Non-attendance to health check-
ups 
Attended 12,459 1,286    1.00   1.00 
 Not attended 5,237 504    0.92(0.82,1.03)   0.94(0.83,1.06)  
Psychosocial           
Perceived stress Not stressed 9,207 241     1.00  1.00 
 Stressed 8,489 1,549     7.00(6.08,8.06)*  6.68(5.80,7.69)* 
Social network           
Marital status Married 12,080 1,277      1.00 1.00 
 Single 5,106 436      1.08(0.93,1.25)  1.19(1.01,1.41)* 
 Widowed 103 13      0.93(0.52,1.67)  0.90(0.49,1.67)  
 Separated 407 64      1.18(0.89,1.57)  1.17(0.86,1.58)  
Living alone Not alone 16,506 1,624      1.00 1.00 
 Alone 1,190 166      1.44(1.19,1.74)* 1.11(0.89,1.39)  
 
+
 p<0.1, * p<0.05 
( ) shows 95% confidence interval 
Outcome was self-rated suboptimal health (1=fair or poor, 0=excellent, very good, or good). The results are risk of having self-rated suboptimal health by comparing to reference category (indicated by 1.00) or by one unit increase (only overcrowded). 
a
 : the size of attenuation in the effect size of RII due to the inclusion of mediating variables (i.e. %  accounted for by mediator(s)). Bias-corrected confidence intervals were estimated by Bootstrapping method using 2,000 replications. n=19,486.  
b : Self-rated health, 0=excellent, very good, or good; 1=fair or poor. 
Model 1: Adjusted for ge, prefecture and household cluster 
Model 2: Model 1 + Material factors (homeownership, living density) 
Model 3: Model 1 + Behavioural factors 
Model 4: Model 1 + Psychosocial factor  
Model 5: Model 1 + Social relational factors 
Model 6: Model 1 + Material + Behavioural + Psychosocial + Social relational 
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Table 29 Relative Index of Inequality of self-rated suboptimal health by household income decile in women, 2001 
 
 Sample numbers  Model 1 Model 2 Model 3 Model 4 Model 5 Model6 
RII     1.39(1.18,1.62)* 1.26(1.07,1.48)* 1.30(1.11,1.53)* 1.31(1.11,1.53)* 1.33(1.13,1.56)* 1.20(1.01,1.43)* 
% Difference from Model1a    n.a. -29.9(-57.4,-12.9) -18.9(-40.9,-6.5) -18.0(-40.1,-6.7) -13.0(-32.6,-1.5) -44.2(-92.5,-18.2) 
Material  SRHb =0 SRH=1        
Homeownership Owning 13,874 1,664   1.00    1.00 
 Renting 2,665 367   1.25(1.09,1.43)*    1.17(1.01,1.35)* 
 Work-related 544 71   1.26(0.97,1.63) +    1.43(1.09,1.88)* 
 Social housing/Agency 1,124 173   1.23(1.02,1.47)*    1.09(0.90,1.33)  
 Lodging 227 48   1.80(1.31,2.48)*    1.72(1.23,2.39)* 
Living density Living density      1.06(0.92,1.23)     0.96(0.82,1.13)  
Behaviour           
Unbalanced diet Balanced diet 7,019 786    1.00   1.00 
 Unbalanced diet 11,415 1,537    1.05(0.95,1.17)    1.02(0.92,1.14)  
Irregular meal Regular meal 9,731 1,065    1.00   1.00 
 Irregular meal 8,703 1,258    1.30(1.19,1.45)*   1.24(1.12,1.37)* 
No exercise Do exercise 5,327 458    1.00   1.00 
 No exercise 13,107 1,865    1.71(1.52,1.91)*   1.59(1.42,1.79)* 
Smoke Non smoker 17,274 1,831    1.00   1.00 
 Daily smoker 2,976 411    1.31(1.16,1.48)*   1.22(1.08,1.39)* 
 Smoke sometimes 364 55    1.60(1.19,2.15)*   1.48(1.09,2.01)* 
 Smoke past 143 26    2.24(1.45,3.46)*   1.90(1.21,2.98)* 
Avoid  excess alcohol intake Not excess 4,468 523    1.00   1.00 
 Excess 13,966 1,800    0.91(0.82,1.02)    0.95(0.85,1.06)  
Non-attendance to health check-
ups 
Attended 10,346 1,392    1.00   1.00 
 Not attended 8,088 931    0.85(0.78,0.93)*   0.90(0.82,0.99)* 
 
Psychosocial           
Perceived stress Not stressed 7,911 221     1.00  1.00 
 Stressed 10,523 2,102     7.27(6.30,8.38)*  6.95(6.02,8.01)* 
Social network           
Marital status Married 13,101 1,711      1.00 1.00 
 Single 4,108 392      1.02(0.87,1.19)  1.11(0.94,1.30)  
 Widowed 406 62      0.97(0.73,1.27)  0.93(0.70,1.24)  
 Separated 819 158      1.38(1.15,1.66)* 1.19(0.98,1.45) + 
Living alone Not alone 17,631 2,218      1.00 1.00 
 Alone 803 105      0.91(0.72,1.14) 0.75(0.58,0.96)* 
 
+
 p<0.1, ** p<0.05 
( ) shows 95% confidence interval 
Outcome was self-rated suboptimal health (1=fair or poor, 0=excellent, very good, or good). The results are risk of having self-rated suboptimal health by comparing to reference category (indicated by 1.00) or by one unit increase (only overcrowded). 
a
 : the size of attenuation in the effect size of RII due to the inclusion of mediating variables (i.e. %  accounted for by mediator(s)). Bias-corrected confidence intervals were estimated by Bootstrapping method using 2,000 replications. n=20,757. 
b : Self-rated health, 0=excellent, very good, or good; 1=fair or poor. 
Model 1: Adjusted for age, prefecture and household cluster 
Model 2: Model 1 + Material factors (homeownership, living density) 
Model 3: Model 1 + Behavioural factors 
Model 4: Model 1 + Psychosocial factor  
Model 5: Model 1 + Social relational factors 
Model 6: Model 1 + Material + Behavioural + Psychosocial + Social relational 
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Table 30 Relative Index of Inequality of self-rated suboptimal health by household income, combining genders, 2001 
 
  Model 1 Model 2 Model 3 Model 4 Model 5 Model6 
RII  1.47(1.30, 1.67)* 1.36(1.20,1.55)* 1.40(1.23,1.59)* 1.41(1.24,1.60)* 1.43(1.26,1.62)* 1.30(1.14,1.49)* 
% Difference from Model1a  n.a. -19.7(-32.9,-9.8) -12.8(-22.8,-5.4) -9.5(-19.6,-2.1) -7.5(-16.0,-1.9) -31.2(-53.5,-15.3) 
 
* p<0.05 
( ) shows 95% confidence interval 
Outcome was self-rated suboptimal health (1=fair or poor, 0=excellent, very good, or good).  
a
 : the size of attenuation in the effect size of RII due to the inclusion of mediating variables (i.e. % accounted for by mediator(s)). Bias-corrected confidence intervals were estimated by Bootstrapping method using 800 replications (the number of resampling was 800 
instead of 2,000 for this particular analyses because the duration of estimation was prohibitively long).  
n=40,243.  
Model 1: Adjusted for age, prefecture and household cluster 
Model 2: Model 1 + Material factors (homeownership, living density) 
Model 3: Model 1 + Behavioural factors 
Model 4: Model 1 + Psychosocial factor  
Model 5: Model 1 + Social relational factors 
Model 6: Model 1 + Material + Behavioural + Psychosocial + Social relational 
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6.3.2.2 Proportions accounted for by mediating factors 
Table 31 presents the percentage attenuation compared to the Base model (Model 1) in 
the RII for the household J-SEC and household income by the inclusion of the blocks of 
variables.  
All factors included have shared and independent impacts on health inequalities for 
household J-SEC and household income in men and women, apart from no independent 
contribution of social relational factors on women’s health inequalities for household income. 
Shared impacts are the percentage of attenuation remaining after subtracting an independent 
contribution from a total contribution. For example, a shared impact of material factors in men’s 
J-SEC is 7% (van Oort et al., 2005), which is obtained by subtracting the independent 
contribution of material factors (8%) from the total contribution of material factors (15%). 
Material factors show the most consistent and strong contribution of all factors (Table 31). 
Behavioural factors’ contributions are large when total contribution is considered, yet 
independent contributions are rather small. Social relational factors consistently attenuate 
health inequalities in both socioeconomic indicators in men, but do not make an independent 
contribution in women. The contribution of perceived stress is opposite between the 
socioeconomic indicators used in men, and in women it is the second largest factor to explain 
health inequalities for household income.  
Table 31 Percentage attenuation in the RII for household J-SEC and household income 
according to blocks of mediators and their total and independent contributions to health 
inequalities, 2001 
 
  J-SEC  Income  Income 
Model Men  Men  Women  Combined 
1 Base        
2 Material 15% (8%)  11% (8%)  30% (8%)  20% (8%) 
3 Behavioural 20% (4%)  7% (2%)  19% (3%)  13% (2%) 
4 Psychosocial -11% (-18%)  4% (2%)  18% (5%)  10% (4%) 
5 Social relational 14% (9%)  4% (5%)  13% (0%)  8% (2%) 
6 Material + behaviour + 
stress 
14%  16%  45%  23% 
7 Material + behaviour + 
relation 
40%  18%  39%  29% 
8 Material + stress +  
relation 
19%  19%  42%  28% 
9 Behaviour + stress+ 
relation 
14%  12%  37%  23% 
10 Material + behaviour + 
stress + relational 
22%  20%  44%  31% 
 
All models from 2-10 are models in which were added the indicated blocks of variables to Base model. 
Models 2-5 and 10 correspond to results presented in Tables 27-30. The ’independent contributions’ of the 
four blocks of mediating factors are shown in brackets. 
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6.3.2.3 Perceived stress and socioeconomic position 
In the assessment of mediating factors, perceived stress showed different roles in health 
inequalities for household income and household J-SEC. In order to disentangle the 
association, further examination is conducted in the relation between perceived stress and SEP. 
Unlike the general assumption that the inclusion of mediating factors reduces the effect size of 
exposure of interest, the inclusion of stress increased the effect of household J-SEC on 
suboptimal health in men. This means that stress had suppressed the association, and one of 
two coefficients – i.e. either the coefficient for the association between household J-SEC and 
stress, or that between stress and suboptimal health – has a negative coefficient while the other 
is positive (MacKinnon et al., 2000, Tu et al., 2008).  
Table 32 presents the association between socioeconomic indicators and perceived 
stress. The association between household J-SEC and perceived stress is shown by odds ratio. 
Household income decile shows a linear association with stress (likelihood ratio test between 
the models using household income as categorical and continuous variable are 0.23 and 0.055 
for men and women, respectively); it is summarised by using RII. The odds ratio of stress tends 
to be less than one and to have V-shape in men in relation to household J-SEC, and it shows a 
positive association with household income in both genders. The associations between stress 
and self-rated health were clearly positive in both genders Table 26, p. 122). This makes the 
product of two coefficients, from J-SEC to stress and from stress to health, negative and 
opposite direction from the coefficient for the main association between J-SEC and health; the 
role of stress is, therefore, different according to socioeconomic indicator in the examination of 
the influence of mediating factors on health inequalities.  
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Table 32 Odds ratios and relative index of inequality between perceived stress and 
household J-SEC and household income decile, 2001 
 
  Men  Women 
Household J-SECa   
I  Reference  Reference 
II  0.93(0.87,1.01) +  1.00(0.92,1.08) 
III  0.98(0.90,1.07)   1.01(0.92,1.10) 
Sample size  16,106  16,945 
   
Household income    
RIIb  1.11(1.00,1.23) +  1.26(1.14,1.40)* 
Sample size  19,486  20,757 
     
 
+
 p<0.1; * p<0.05 
a: Odds ratio adjusted for age, prefecture and household cluster. 
b: Relative index of inequality adjusted for age, prefecture and household cluster. 
6.4 Summary of Chapter Six 
This chapter examined the extent to which mediating factors explain health inequalities in 
Japan based on self-rated health. The factors involved explained 20% and 44% of RII for 
household income in men and women, respectively, and RII for household J-SEC failed to 
reach statistical significance after the inclusion of all or some of the mediating factors in models 
for household J-SEC. Apart from the psychosocial factor, all mediating factors contributed to 
attenuating health inequalities in both genders in both socioeconomic indicators. Material 
factors made the most consistent and strong contribution in RIIs for both household income and 
household J-SEC in both genders whereas, although total impact was large for behavioural 
factors, the independent influence of behaviours on health inequalities was rather small. The 
contribution of social relational factors’ was not observed in women for RII for household income 
whereas it had a relatively large impact on men’s health inequalities. The opposite role of 
perceived stress in explaining health inequalities was due to the associations between 
socioeconomic indicators, and stress tended to be opposite between household J-SEC and 
household income.   
 The examinations presented in this chapter are not free of limitations arising due to study 
design, misclassification and measurement errors in behavioural factors, differences in rating 
attitude, and health selection prior to the survey. These could result in under- or over-estimation 
of health inequalities as well as of the impact of mediating factors. These limitations will be 
discussed in detail in Chapter Seven. 
In the next chapter, findings from three chapters (Chapters Four to Six) are discussed.  
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Chapter 7. Discussion and conclusion 
The overall aim of this PhD project was set out to assess health inequalities in Japan in 
terms of time trend as well as factors contributing to health inequalities.  
This last chapter summarises the findings in Chapters Four to Six, and discusses them in 
the light of previous studies, methodological considerations, policies and future research. 
7.1 Summary of findings 
First, in order to assess health inequalities in Japan, a novel occupational classification, 
J-SEC, was developed. Using household J-SEC and household income as SEP measures, 
health inequalities were examined over 21 years, to 2007. The Time trends in RII and SII were 
examined over the recent period when major social and economic changes took place in Japan, 
particularly rising social inequalities as indexed by upward trends in the Gini coefficient for 
income and in the proportion of workers in non-regular employment. Additionally, the extent of 
health inequalities explained by the four mediating pathways was assessed in the 2001 survey, 
which provided relevant information for this objective. In summary, the findings were: 
 J-SEC, at household level, was associated with household income, 
homeownership and K6 psychological distress scale in both genders 
in 2007, 
 health inequalities based on self-rated health remained stable or 
narrowed in relation to household J-SEC and household income in 
Japan between 1986 and 2007, and  
 mediating factors including material and behavioural factors explained 
20% and 44% of RII for household income in men and women in 2001, 
respectively, broadly consistent with studies in Western populations. 
In the following sections, the findings are discussed in more detail according to each 
chapter’s objectives and hypothesis. 
7.2 Derivation of the J-SEC and validation analyses 
In Chapter Four, the objective was set to derive a theory-based occupational social 
classification appropriate to Japan in order to investigate health inequalities. The J-SEC 
measure is based on the theory of employment relations and conditions employed the UK’s NS-
SEC. Although hypothesis testing was not relevant to the derivation itself, the construct validity 
of the J-SEC was tested, it being hypothesised that economic and health outcomes would show 
ordered differences, with lower class being associated with poorer outcomes. 
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7.2.1 Summary of the validation analyses 
 J-SEC, at household level, was associated with household income, 
homeownership and K6 psychological distress scale in both genders 
Construct validity of the J-SEC was tested for the associations with theoretically related 
factors (Evans and Mills, 1998, Rose and O'Reilly, 1998), namely household income, 
homeownership and psychological distress. The ordered differences were clear in relation to 
household income, with stepwise declines in household income per unit lower class (average -
16%). Homeownership also showed the expected dose-response association with household J-
SEC class, (RR=0.93, p<0.001). Caseness in K6 psychological distress, defined as the score 
more than five, showed significant trends of greater probability of being distressed by per unit 
lower class in men and women (RR=1.03, p=0.044, and 1.05, p=0.004, respectively). These 
results for J-SEC are consistent with the conceptual construction of the NS-SEC: although the 
full scale NS-SEC does not assume hierarchical ordering of the groups, a gradient relation is 
expected in the three category version.  
7.2.2 Discussion of the J-SEC validation 
The association between the household J-SEC and economic and health outcomes were 
in line with its conceptual construction. The NS-SEC was designed to differentiate job security, 
control and autonomy, and career prospects. These psychosocial aspects have impacts on 
physical and mental health (Nieuwenhuijsen et al., 2010, Kivimaki et al., 2012), and these were 
examined using the Kessler 6 [K6] psychological distress scale. In the meantime, jobs 
characterised by favourable conditions would also relate to greater remuneration. Therefore, 
factors such as income level as well as the accumulation of wealth are likely to co-vary with 
social class, and are measured by household income as well as homeownership. 
The findings are discussed in relation to 1) the nature of the socioeconomic dimension 
the J-SEC delineates, 2) the use of household approach and 3) distribution of classes. First, 
although there are different dimensions of social inequality measured in different ways, all of 
these will be highly correlated, and only part of the association with a health outcome will be 
seen as due to the dimension of inequality that is operationalized. Another part of the 
association will be due to the co-variation of different dimensions of socioeconomic inequalities, 
and the strength of their associations to mediating variables when analysing health inequality. It 
is likely that higher social class is associated with greater financial advantage, and indeed such 
association was observed between J-SEC and household income in Japan.  
Second, a household rather than an individual approach to classification was used 
because the general socioeconomic well-being of household was expected to be better 
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reflected in the J-SEC of the main breadwinner. In Japan in 1995, 85% of married women were 
classified to male-dominant households, i.e. husbands’ classes were higher than wives’, and 
women’s social position has been reported to be relatively well measured by husband’s class 
based on class identification of women by men (Shirahase, 2001). In separate analyses using 
the 2007 survey  (not reported in the thesis), in men the effect sizes between the J-SEC and 
self-rated optimal and suboptimal health were similar whether the unit of social class was based 
on household or individual, and values of Akaike information criteria were only marginally better 
(smaller) in individual approach. Women’s social class based on their own occupation was 
unrelated to the prevalence of suboptimal health and only weakly associated with optimal health 
(data not shown). Overall, in the CSLC samples in 2007, household J-SEC appeared to 
outperform the individual approach in relation to self-rated health, in line with what is seen in 
Western countries for women (Bartley, 1999). 
Furthermore, when interpreting social class inequalities in health, based on household 
unit, it is necessary to take account the fact that household approach used highest class in a 
household. In many cases, this approach allocates social class based on men’s jobs. This 
results in a different strength of relationship between the J-SEC and relevant factors, including 
co-varying and mediating variables, according to men and women. The sizes of associations 
with a given health measure and the J-SEC, therefore, will be understood according to how 
relevant is the measured dimension of social inequality and/or co-varying factors (Bartley et al., 
1999). A little weaker association in men than in women in K6 psychological distress in the 
analyses in Chapter Four would indicate the different distribution of relevant risk factors 
between genders. For example, men’s health may be mediated by occupational stress, which 
could vary according to social and economic circumstances. Adverse influence of worsening job 
security on health has reportedly been greater at high social position (Vahtera et al., 2000) and 
this may explain the weaker association in men. On the other hand, the expected gradient in 
women may be due to the sum of experience of hardships in managing the household, caring 
work and job with limited resources (Muntaner et al., 2004) are less altered by changing social 
and economic circumstances. That is, although worsening economic and social environment 
would impact on the hardship in managing household across social class, relative difficulty 
would be still larger in lower social class in which stock of resource is less than that in high 
social class.  
Third, the markedly unequal sizes of classes in household J-SEC needs some 
consideration. In CSLC 2007, the gender-combined social class distribution was 62%, 21% and 
17% for class I, II, and III, respectively (Table 14, p. 86). Thus, the distribution of samples 
across classes in the CSLC was substantially unequal. In comparison, a nationally 
representative British sample in the 1990s, the distribution men based on individual class was 
around 30% in class I, 20% in class II and 50% in class III (Chandola, 2000). The proportion of 
the sample using individual J-SEC in men in the 1990s was 34% for class I, 29% for class II, 
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and 36% for class III in men (data not shown). Further, the same classification system was 
applied to the CSLC dataset from 1986 and 2007, and the class sizes in the 1980s were very 
different from those in 2007: 35% for class I, 44% for class II, and 21% for class III based on 
household J-SEC, in men and women combined. Therefore, even though the information used 
for the derivation of the J-SEC was crude and hence a degree of misclassification was 
inevitably involved, the distribution in 2007 would not solely be due to such technical limitation, 
but in part reflected the industrial structure in Japan. 
7.2.3 Limitations and strengths relating to the validation analyses for the J-SEC 
The limitations of this validation exercises were that data were based on self-reporting 
and there may be information bias, and that the occupation and employment status information 
available in the CSLC lacked detail. Although the use of the three-category version reduced 
misclassification as compared with the use of longer versions, a certain degree of 
misclassification has inevitably been involved, and these are discussed below in more detail.  
First, in the dataset used, the job was grouped into the 11 main categories instead of 
more detailed sub-major jobs, and coding of the J-SEC used these 11 categories. This caused 
a degree of misclassification in the distribution of class because some jobs would have been 
assigned to the wrong classes. In Table 13, the sub-major jobs in 11 major occupation groups 
in the Japanese Standard Classification of Occupation [JSCO] were compared with jobs in the 
NS-SEC. For example, some of the jobs in the professional/technical group, such as care 
worker, childminder and designer, were allocated to class II or III in the NS-SEC, while these 
jobs were assigned to class I in the J-SEC because it was not possible to separate them from 
other jobs comprising the major category of ‘professional/technical’ group. Through the use of 
employment status, some individuals working as care workers would have been assigned to 
class III because a care worker is likely to be employed on a limited contract in Japan. It should 
be understood that the J-SEC in this thesis may contain misclassification which would have 
been avoided had more detailed information been available.  
Other misclassification relates to the lack of information on supervisory status and size of 
employing organisation. In the NS-SEC, ‘large’ employers employing more than 25 are class I, 
while ‘small’ employers employing fewer than 25 are in class II. Since the information on the 
number of employees hired by the ‘Self-employed employing others’ was not available, the 
distinction was made according to whether the self-employed were, or were not, employing 
others. Consequently, some of the self-employed in class I in the J-SEC may be ‘small’ 
employers who would be allocated to class II in the NS-SEC. The potential misclassification 
relating to supervisory status involves classes I and II, in that supervisors for class II jobs should 
be in class I, while supervisors for class III jobs stay in class III. In this regard, however, 
agreements of class allocations in Western populations have reportedly been high, between 
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80% and 99%, even when class derivations have used data with different degrees of specificity 
(Rose and Harrison, 2007). In this comparison, reference classification was derived using 
detailed information, and comparison classifications were derived using datasets lacking a) 
establishment size, b) supervisory status, or using c) cruder two-digit occupational information 
instead of more accurate three-digit. Further, Erikson and Goldthorpe noted that the findings of 
an international comparative study on generational social mobility between the US and the UK 
were not affected by misclassifications contained in the US data. Occupational information in 
the US data used in their analysis was crude, and similar to the level of the occupational 
information available in the CSLC. To equalise the situation, a sensitivity analysis was 
conducted that involved deliberate misclassification in the UK datasets in the same manner as 
the US datasets. The result obtained did not change the conclusion (Erikson and Goldthorpe, 
1992). With respect to the size of organisation, there has been a debate among sociologists 
over whether size of firm may play a role in social class in Japanese society (Erikson and 
Goldthorpe, 1992). The information on the size of establishment was not used in the J-SEC 
derivation since it has been reported that inequalities in class mobility were hardly changed by 
differentiating in class allocation by size of firm among employees (Erikson and Goldthorpe, 
1992). 
The exclusion of ‘moonlight worker’ from the construction of the J-SEC is another 
potential source of misclassification which needs to be noted. The description of ‘moonlight 
work’ in the CSLC was ‘working at home in order to obtain income’ (MHLW, 2009b). It was 
decided to exclude these workers because their employment status, whether employed or 
employer, was unclear. Sensitivity analyses were conducted by assigning a total of 139 
moonlight workers to J-SEC class III in the 2007 dataset used in the analyses in Chapter Four. 
This is based on the assumption that such a working style is disadvantageous in terms of 
employment relations and conditions, even though moonlight workers were distributed across 
all JSCO groups, including administrative and professional occupation. After redistribution from 
individual to household J-SEC, amongst 139 moonlight workers, 57, 24, 43, and 15 people were 
assigned to household class I, II, III, and other group, respectively. The regression coefficients 
for homeownership, household income, and K6 psychological distress scale were hardly 
changed. P-values and confidence intervals were changed slightly, in many cases towards null, 
while none of the analysis changed the conclusion in terms of 5% significance level (data not 
shown). 
The strength of the J-SEC classification is that it can be applied with information which 
has been routinely collected in Japanese survey series, including the census (National Statistics 
Centre, n.d.). The application of the J-SEC is therefore not limited to surveys that have collected 
detailed occupational information. The advantage of using the NS-SEC approach is the 
potential for national and cross-national comparisons in future, given that the use as well as the 
development of classifications based on the NS-SEC has not been limited to the UK (Rose and 
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Harrison, 2007, Krieger et al., 2005). The use of the J-SEC, based on employment relations and 
conditions theory, may help to enhance the understanding of health inequalities by delineating 
aspects which might not otherwise be captured by commonly used classifications or 
socioeconomic measures which have been used previously in Japan. However, it should be 
emphasised again that the coding used in this thesis may not be ideal and needs to be revised 
when detailed occupational information is available. Validation study should be carried out with 
other relevant outcomes.  
7.3 Time trends in health inequalities in Japan between 1986 and 2007 
7.3.1 Summary of findings 
The objective of this chapter was to examine time trends in health inequalities between 
1986 and 2007 taking account of influence of missing data. It was hypothesised that: 
health inequalities in Japan would be observed throughout the study period, 
and would even have widened since the early 1990s due to the increased 
social inequalities. These increased social inequalities are expected to have 
adverse effects, particularly in the lower end of the socioeconomic hierarchy. 
In general, the results were consistent with the hypothesis of persisting health inequalities 
over the study period by household J-SEC and household income, in both relative and absolute 
terms. The evidence was stronger and consistent in relation to household income than to 
household J-SEC, and larger inequalities were found in men compared to women in general 
(likelihood ratio test was p<0.001 and p=0.0072 for RII and SII, respectively, in age*wave 
adjusted models for pooled 1986-2007 datasets). For example, RII and SII for household J-SEC 
were not significant in 2007 in men and in 1992 and 2001 in women, while RII and SII for 
household income were significant in all survey years in both genders. Health inequalities for 
household income fluctuated in both relative (RII) and absolute (SII) terms, and the largest 
inequalities have observed in the early 1990s and declined since then. Health inequalities in 
relation to household J-SEC appeared to be stable until the early 2000s when health 
inequalities might have diverged between men and women: RII and SII declined and became 
non-significant in 2007 in men while both inequality indices stayed significant and in women. 
The hypothesis of widening health inequalities particularly since the early 1990s due to 
the increased social and economic inequalities was not supported. Societal change since the 
early/mid 1990s is characterised by 15 years of economic standstill, deterioration of working 
circumstances, increases in non-regular employment, and widening income inequality. These 
important influences might be expected to affect all social classes but particularly to have 
adverse effects on those lower down the socioeconomic hierarchy and to lead to widening 
health inequalities. In contrast, however, the findings were of narrowing health inequalities in 
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both relative and absolute terms in both genders in relation to household income. In terms of 
household J-SEC, there was no evidence of a time trend in either RII or SII. 
Over the whole study period there was a reversal in the overall health trend, improvement 
followed by deterioration, with the lowest prevalence of suboptimal health in early/mid 1990s. 
The prevalence of suboptimal health appeared to change across socioeconomic groups in a 
similar manner, i.e. high and low socioeconomic groups deteriorated almost in parallel since the 
early/mid 1990s.  
7.3.2 Discussion of time trend of health inequalities 
The need for and lack of studies assessing time trends in health inequalities in Japan was 
discussed in Chapter One (section 1.7.2, p.29). Briefly, this study is important because Japan 
has experienced substantial social and economic changes and there has been considerable 
speculation that the macroeconomic trends have adversely affected health inequalities since the 
early 1990s. Despite the changes, there was a gap in the literature on time trends in health 
inequalities using individual level data. Specifically, studies with more than three time points that 
include surveys carried out since the early 2000s are lacking. Many of the studies have only 
investigated health inequalities in either relative or absolute terms, even though these may 
show differing trends. In many cases, only one dimension of SEP was tested, and multiple 
dimensions, including a theory-based occupational classification, have been rarely discussed 
together. Analyses overcoming these shortfalls were conducted to enhance understanding of 
health inequalities with respect to time and social changes. The findings are discussed in 
relation to 1) relative and absolute time trends, 2) potential reasons for the observed time trends 
focusing on both ends of the SEP hierarchy, and 3) differences in observed time trends 
according to SEP indicators. 
First, in terms of relative and absolute terms of health inequalities, the two inequality 
indices, RII and SII, and prevalence trends are inter-related, and the schematic figure shows the 
simplest form for three time points (Figure 23). When changes in the prevalence of suboptimal 
health are equal at top and bottom of the SEP hierarchy, the ratio, corresponding to RII, widens 
from t1 to t2 but narrows from t2 to t3 (‘a’). When the health trend favours the high 
socioeconomic group (P2) less than the low (P1) in both periods, simultaneous reductions of RII 
and SII are observed (‘b’). In the CSLC data from 1986 to 2007, there was no evidence of 
interaction in quadratic prevalence trends between top and bottom income decile in men 
(p=0.51). The narrowing inequality trends observed for men’s household income could be due 
to a small difference in the U-shape trends between high and low socioeconomic strata towards 
‘b’, and the stable trends be due to the observed prevalence at ‘b’ being close to ‘a’. 
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Figure 23 Schematic representation of relationship in changes in prevalence of self-rated 
suboptimal health between low and high socioeconomic groups over three time points 
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X axis is time, and Y axis is prevalence. P1 and P2 indicate prevalence trends for low and high 
socioeconomic groups, respectively. `a’ shows a prevalence trend when changes in rates were same for 
P1 and P2 from t1 to t2 and t2 to t3. `b’ illustrates prevalence trends when narrowing RII and SII could be 
observed simultaneously. The left and right graphs show, respectively, the situation for decreasing and 
increasing prevalence of suboptimal health.  
The results were contrary to the hypothesis of widening health inequalities, and the 
potential explanation may relate to health changes due to different reasons according to SEP. 
Focusing on the period after early/mid 1990s (and relevant to the situation today) when health 
deteriorated for lower SEP groups, unfavourable social changes as well as scarcity of welfare 
provision for the working age population might have caused the worsening health trend. 
Additionally, there is likely to have been an accumulation of material and psychosocial burden 
due to increasing income and social inequalities and job insecurity, and declining family support 
after the economic downturn. Protective social programmes, which, for example, could break 
the direct relation between unemployment rate and suicide rate (Stuckler et al., 2009) were 
scarce in Japan (Bambra, 2007) particularly for people of working age (Tsumura, 2002). 
Insufficiency in private as well as public resources to buffer adverse effects of increased 
difficulties in life might have contributed to the deterioration of health for lower socioeconomic 
groups.  
On the other hand, although speculative, it is possible that broken expectations, including 
disappointment with the trajectory in income and/or declines in degrees of job security over time 
may be an important reason for health deterioration in higher SEP groups. Income losses have 
longer (Ferrer-i-Carbonell and Van Praag, 2008) and greater impact on subjective well-being 
than income gains (Ferrer-i-Carbonell, 2005, Boes and Winkelmann, 2006). A ‘disappointment 
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paradox’ was suggested to explain lessened or eliminated health-protective features 
accumulated in higher SEP in times of financial adversity (Osika and Montgomery, 2008, Osika 
et al., 2006, Montgomery et al., 2007). In the CSLC data, household income gains lost pace 
after 1990 (Figure 16, p. 95), and actually declined from 1998 to 2004 across all income 
groups. The losses were greater at higher income levels. The discrepancy between an 
expected income growth and an actual income may have been disappointing over this period, 
and it was particularly large in the higher SEP groups.  
Unfavourable changes in working conditions and job characteristics tend to accompany 
an economic recession. In Japan, changes in policies in a neo-liberal direction in the late 1990s 
were often highlighted, but ever since the early 1990s when the ‘bubble economy’ had 
collapsed, the rate of lay-offs has constantly increased and new hiring has dropped (Rebick, 
2005). This indeed corresponds to the point of inflection in the time trend in prevalence of age-
standardised suboptimal health, from a declining to an increasing trend. The lowest prevalence 
found in the CSLC working-age samples was around early/mid-1990s. Changes in working 
circumstances in the recession period would not be limited to lay-offs and a halt in new hiring, 
and workers remaining in employment also would have been exposed to adverse changes. 
During recession in Finland, the business downsizing was associated with declining self-rated 
health among municipal employees, and such influence was partially mediated by an increased 
job insecurity (Kivimaki et al., 2001). Such detrimental effects of worsening job security were 
greater at the upper end of socioeconomic hierarchy: a statistically significant and larger 
association between business downsizing and sick leave was observed among high SEP 
individuals (Vahtera et al., 2000, Vahtera et al., 1997). Including the ‘disappointment paradox’ 
outlined above, therefore, individuals at high SEP may be equally or more vulnerable to adverse 
social changes than those who are at low SEP. These processes may explain partially the time 
trends in Japan where health deterioration of high socioeconomic groups were at least equal to 
those who are at lower SEP.  
The vulnerability of individuals at high SEP may relate to difference in response attitude 
to stressful environment between individuals at high and low SEP. The former was found to take 
an ‘eliminating’ approach while the latter tended to adopt an ‘adaptive’ approach. Those who 
are positioned at higher end of SEP aim to eliminate the stressor (Chen and Miller, 2012) by 
taking control of the situation using their stock of resources (Stephens et al., 2009). Such 
resources encompass physical, social, and emotional factors, and are likely to be abundant in 
high socioeconomic groups. For example, a stock of financial and/or material goods to 
overcome a period of job loss would be greater in high socioeconomic groups than that in lower, 
and social supports from friends, colleagues and marital partner have been found to be richer in 
high socioeconomic groups (Gallo and Matthews, 2003). Ultimately, however, such resources 
are finite and prolonged exposure to economic challenge may undermine the sense of well-
being and health. 
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On the other hand, those at the lower end of socioeconomic hierarchy are likely to be 
exposed to various stressful events on a day-to-day basis. The adaptive strategy to cope with 
stress may have reduced the adverse influence of stressful events on health. Among individuals 
at low SEP, adverse circumstances are chronic, often out of their control. Strategies to cope 
with difficult living circumstances were found to be adaptive by aiming to adjust themselves to 
situations (Stephens et al., 2009, Chen and Miller, 2012). Adverse life experiences were more 
likely to be attributed to contextual causes rather than causes amendable by their effort (Kraus 
et al., 2009). Economic downturn, the losses in income and the increases in job insecurity are 
not necessarily controllable by one’s effort, and coping strategies accustomed in low 
socioeconomic groups might have been more suitable and effective in this circumstance. 
Strategies aiming to eliminate the cause of stress which are familiar for high socioeconomic 
groups might have resulted in further stress because their familiar strategies do not work.  
The differences in trends as well as sizes of estimates between household J-SEC and 
household income may relate to technical reasons including characteristics of the SEP 
indicators. Time trends showed stable health inequalities in relation to household J-SEC while 
health inequalities narrowed in relation to household income in men and, to lesser extent, in 
women. Effect sizes became smaller when income tertiles were used (data not shown), 
mirroring more closely the household J-SEC analysis. However, the differences in inequality 
trends between income and J-SEC remained. This comparison suggests that the number of 
categories is not the main reason of differing time trends by SEP indicators. Other potential 
reasons for the differences between the J-SEC and income findings were 1) selection bias due 
to exclusion of 12% of population from household J-SEC, 2) information bias due to 
misclassification of J-SEC due to the use of crude information for the derivation, and 3) the 
greater possibility of reporting bias in income. It appears unlikely that such systematic biases 
would produce the observed trends artefactually because there is no reason to expect linear or 
V-shaped changes in the exclusion of samples from J-SEC or misclassification, or changes in 
reporting attitude of income.   
In the meanwhile, socioeconomic indicators are not necessarily interchangeable, and 
living conditions delineated by one indicator may be different from those of another indicator 
(Galobardes et al., 2006a, Torssander and Erikson, 2010). Income and social class are 
associated with factors which are partially common but partially independent each other. The 
detrimental effect of losses in income, reduction in job security, and the mismatch of coping 
strategy in higher SEP groups were more closely reflected in household income, therefore 
narrowing RII and SII health inequalities’ trends were observed when assessments were based 
on household income. Furthermore, J-SEC may be influenced by changes in industrial structure 
and social mobility, which likely constrain inequality (Blane, 2006b) because those who moved 
upwardly had worse health than those who were stable in the class and vice versa (Bartley and 
Plewis, 1997). The distribution of household J-SEC class has changed substantially over the 
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time. Class II, mainly including self-employed without employing others, clerical, sales and 
protection workers, has declined in size whereas class I, containing professionals and 
managerial, executives and self-employed with employing others, has increased by around 70%. 
The complex interaction between social mobility and social changes in Japan might have 
resulted in cancelling out the otherwise narrowing trends, as observed in relation to household 
income.  
Health inequalities detected by the J-SEC was smaller than the income and these were 
non-significant in some survey years. It is possible that the J-SEC failed to detect health 
inequalities well, and there might have been significant health inequalities which may have been 
constantly detected if finer classification was applied. Meanwhile, contribution of factors related 
to working circumstances, such as unemployment and economic inactivity, to explain health 
inequalities are not constant over the time (Kachi et al., 2013). Since the size of health 
inequalities measured by the J-SEC was small, subtle reduction in effect size due to changes in 
impact of relevant factors on high or low socioeconomic groups may have produced non-
significant health inequalities in some years. 
The trend in age-standardised prevalence of suboptimal health should be interpreted 
cautiously. Surveys can be inconsistent, as was the case with opposing time trends in 
suboptimal health in the US (Salomon et al., 2009). The V-shaped trends in suboptimal health 
found in the present analyses, however, do correspond to the slowing rate of improvement in 
adult working age (15-59) mortality in the Japanese population since 1995 (Murray, 2011, Wada 
et al., 2012). This suggested that even though the life expectancy of the Japanese continued to 
improve during the study period, people’s experience of health have gradually been 
deteriorating. It remains unclear whether this trend will undermine future improvement in the life 
expectancy gains of the Japanese population.  
7.3.3 Limitations and strengths relating to the analyses on health inequalities and time 
trends 
Some limitations of the analyses with respect to time trends in health inequalities should 
be noted. First, self-rated health was the single available outcome in the CSLC series 
appropriate for the present purpose. The prevalence of chronic disease and specific health 
conditions, which would be informative to be used in comparison with the trends in self-rated 
health, was not measured. As mentioned earlier, inconsistencies in time trends in self-rated 
health in the US was in particularly conspicuous among lower SEP groups (Salomon et al., 
2009). It would be valuable, therefore, if the analyses were replicated using objective measures 
of health. Second, there might have been changes in perceptions of suboptimal health over time, 
and the rating attitude may differ by socioeconomic group, which could have both under- or 
over-estimated health inequalities (Dowd, 2012). In this regard, however, a recent study has 
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reported that the predictive ability of self-rated health of mortality did not differ by educational 
level among Japanese population (Nishi et al., 2012). Third, differences in sampling probability 
were not corrected in the analyses since the datasets lacked survey weights. This might have 
biased point estimate and underestimated standard errors (Zanutto and Gelman, 2000). 
Although it was found that point estimates are similar in the dataset used in this thesis and the 
published study corrected for survey weight (see p. 51 for detail), findings with borderline 
significance should be interpreted cautiously. Fourth, survey sample sizes were large and there 
were significant departures from the linearity assumptions of inequality indices in 40% of age-
adjusted models for household income and household J-SEC stratified by gender, i.e. 14 out of 
the 32 models that were fitted (8 waves * 2 genders * 2 socioeconomic indicators). These 
departures were, however, small in absolute terms (shown in Appendices Figures 24-25, p. 
192-193). Fifth, the use of a limited number of variables in the MI may have resulted in the less 
efficient estimation of values filling missing data. Although the inclusion of a greater number of 
variables was considered, the large sample sizes of the datasets used required prohibitively 
long duration of time to impute. Although the inclusion of large number of covariates in MI may 
not be problematic (Collins et al., 2001), a recent simulation analysis found that MI models 
including few variables yielded very similar results compared to imputation using a much larger 
model (Mustillo, 2012). 
The strengths of the analyses were, first, the use of large individual level datasets with 
standard questionnaires over the long study period starting before the economic downturn. 
Second, the short data-collection intervals with the contemporaneous outcome of self-rated 
health (Zheng, 2012) which includes a mental health aspect (Weich et al., 2011, Benyamini, 
2011) were suitable for the purpose of capturing the influence of short/medium term social 
changes. For example, a rise of unemployment was associated with short-run increases in 
suicide which diminished after two years (Stuckler et al., 2009). Third, three sensitivity analyses 
conducted in Chapter Five did not show inconsistent result from the main analyses. The 
exclusion of the 1995 survey did not alter the findings; there was no evidence of consistent 
trend in time trend in RII across cohorts in both genders in both socioeconomic indicators.  The 
similarity of results in the time trends analyses before and after the multilevel MI of missing 
household income data gives increased confidence in the findings obtained in the complete 
cases. As discussed above section, the MI model used was rather restricted, and variables 
which might have improved the imputed values were not included. The observed trends appear 
to be robust as MI provided supportive evidence. Changes in significance level for women’s 
linear trends in RII and SII (for income) after MI would relate to the declines in the point 
estimates in later survey waves, for example, RII from 1.32 to 1.20 and SII from 3.18 to 2.02 in 
2007, and hence the slightly enlarged effect size of temporal trend. Fourth, the use of cross-
sectional national survey series avoided the problem such as ageing inherent to (closed) cohort 
data, and finding is generalizable to working-age Japanese population in relevant time.  
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7.4 Assessment of pathways of health inequalities 
7.4.1 Summary of findings 
In Chapter Six, health inequalities in 2001 were examined in terms of the extent 
explained by mediating factors. The objective of this chapter was to investigate the extent of 
influence through mediating factors on adult health inequalities. It is hypothesised that:  
the health inequalities for household income and household social class 
based on self-rated suboptimal health would be partly explained by the 
mediating effects of material, behavioural, psychosocial and social relational 
factors. 
The mediating factors established in Western studies were found to have explained 22% 
of health inequalities for household J-SEC in men and 20% and 44% of them for household 
income in men and women, respectively in CSLC 2001. Material factors showed the most 
consistent and strong attenuation in RII for household income and household J-SEC, while the 
contributions of behaviour to the gradient were modest. Social relational factors consistently 
attenuated health inequalities according to both socioeconomic indicators in men whereas they 
did not make an independent contribution in women. The contribution of perceived stress was 
inconsistent and depended on the socioeconomic indicator used. In men the inclusion of 
perceived stress in a regression model attenuated the RII a little for household income but 
slightly enlarged it for household J-SEC; in women it attenuated the RII for household income. 
In other words, in relation to household income the inclusion of the perceived stress reduced 
RII; however, it rather enlarged the effect size in relation to household J-SEC.  
7.4.2 Discussion on attenuation of health inequalities by mediating factors 
Analysis using CSLC 2001 shows that mediating factors established in Western countries 
explained to a certain extent of health inequalities in Japan measured by using RII for 
household income and household J-SEC based on self-rated suboptimal health. Findings in the 
present study are compared with previous studies within and outside of Japan. 
7.4.2.1 Material and behavioural factors 
In the CSLC 2001, in both men and women, health inequalities were partly explained by 
material factors, and the material factors showed independent and shared contribution to health 
inequalities. These indicated that material factors were associated with health both directly and 
indirectly. The indirect path (i.e. shared part), which is the attenuation obtained by subtracting 
‘independent contribution’ form total impact (p. 128), suggested that material conditions 
explained health inequalities through other mediating factors. While the regression modelling 
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used in the analyses in Chapter Six did not distinguish temporal order among the factors, stress 
and behavioural factors would likely be involved in this indirect pathway. Managing a household 
with limited material resources would be stressful (Chen and Miller, 2012), and stress would in 
turn be associated with unhealthy behaviours (Heikkila et al., 2012, Chandola et al., 2008, 
Lallukka et al., 2008). An overcrowded living environment was associated with a higher level of 
anxiety in a rat study (Daniels et al., 2000). 
In terms of direct influence of material factors, around 8% of socioeconomic inequalities 
in health were accounted for by the independent influence of material factors. In Western 
countries, physical conditions of living environment, such as damp, heating, and pollution were 
found to affect health (Blane et al., 1997, Sacker et al., 2001, Bartley, 2004). Even though 
research linking physical housing conditions to health is scarce in Japan, it has been suggested 
that damp (Kuhn and Ghannoum, 2003) and inadequate air conditioning (both cold (Atsumi et 
al., 2013) and hot (Kondo et al., 2012)) are associated with ill health. Hazards in housing 
structure, such as steep and narrow staircases and exposure to asbestos (Mori, 2010), may be 
more prevalent in rented or cheap housing.  
Behavioural factors showed the second largest contribution in explaining health 
inequalities, while the independent impacts of these on health inequalities were less than 4%. In 
combination with material factors, in Western studies, behaviour explained a much larger 
proportion of health inequalities. For example, material deprivation explained around 50% of 
manual-non manual differences in self-rated suboptimal health in workers in 28 European 
countries (Aldabe et al., 2011). Some 30 to 50% of social class inequalities in self-rated 
suboptimal health in men and women, respectively, were explained by a combination of material 
and behavioural factors in Finnish workers (Laaksonen et al., 2005). 
This modest impact of material and behavioural factors in the CSLC sample compared 
with these European studies may relate to 1) study design, 2) misclassification in behavioural 
factors, 3) smaller SEP inequalities in mediating factors, and 4) low impact of some behaviour 
on health. First, as mentioned in the literature review in Chapter One (p.15), the explanatory 
power of mediating factors for health inequalities is considerably larger when cumulative and 
time-varying influences are taken into account. For example, in British civil servants, 42% of 
inequalities in all-cause mortality was explained by health-related behaviours such as smoking, 
alcohol consumption, diet, and physical activities when only baseline behaviour was considered, 
but 72% was when the study took account of repeated assessments of behaviour (Stringhini et 
al., 2010). The cross-sectional study design of the CSLC does not allow for such cumulative 
influence of mediating factors to be taken into account. The percentage explained in CSLC, 
therefore, could be an underestimation of the true magnitude of the mediation.  
Second, there might be misclassification in behavioural factors used in the analyses. The 
questions for sleep, unbalanced diet, regular meal intake, exercise, and the avoidance of 
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excessive alcohol intake did not provide for a ‘no’ answer. Both those who considered the 
question to be irrelevant and those who wished to respond ‘no’ to a given question had left the 
answer blank, and these two groups of people were not distinguishable. This problem was 
perhaps most relevant to the alcohol question, which was worded: ‘I intend not to drink too 
much’. Other questions were direct statements for matters common to all respondents, such as 
sleep, eating and exercise which appeared to include a broad range of physical activities, so the 
problem was probably less important. When intermediate variables are poorly measured, their 
attenuating effect is likely to be underestimated and the remaining direct effect of the SEP 
exposure variable is likely to be overestimated (Schisterman et al., 2009, Baron and Kenny, 
1986). The misclassification in these variables, therefore, might have contributed to the smaller 
attenuation in RII by the inclusion of the mediating factors in the CSLC samples compared with 
studies in Western countries.  
Third, the association between SEP and health-related behaviour in this study tended to 
be smaller than that found in studies based in the west. For example, among British civil 
servants, the prevalence ratio for smoking comparing the lowest category of the three-level 
occupational classification with the highest was 2.9 for smoking, 6.7 for unhealthy diet, and 4.4 
for physical inactivity, adjusting for age and sex. RIIs for household J-SEC estimated using 
logistic regression were at most 2.2 for unbalanced diet and irregular meal intake, smoking, and 
exercise in both genders in the CSLC samples. Indeed, given high prevalence of the 
behavioural outcome categories and the use of logistic regression, the relative risks would be 
overestimated in these cases, the social disparities in these behaviours are substantially smaller 
in Japan that those in the UK (Stringhini et al., 2011). This observation is consistent with earlier 
findings of comparatively small socioeconomic disparities in health related behaviours in the 
Japanese population (p.17). Furthermore, in a study between British and French populations 
comparing the extent that similar levels of occupational inequality in mortality were explained by 
mediating factors, the proportion explained was much smaller in the France due to the 
shallower social inequalities in health-related behaviours in the French sample (Stringhini et al., 
2011). The relatively small impact of the behavioural factors in explaining health inequalities in 
Japan, therefore, appears to be due to the smaller inequalities in health behaviour than those 
seen, for example, in the UK population.  
 Fourth, the smaller proportion of health inequalities explained by behavioural factors, in 
particular in men, may relate to non-significant association between smoking status and 
suboptimal health. The effect of smoking on mortality in Japan appears to be smaller than in 
other countries (Sakata et al., 2012, Ozasa et al., 2008, Murakami et al., 2007). The reason for 
this has been suggested to be the shorter observation period in some studies (Sakata et al., 
2012) or the historically high prevalence of smoking in Japan (Ozasa et al., 2008). The rise of 
smoking and the increase of the number of cigarettes were observed later than in Western 
countries in Japan, around the mid/late 20th century, and studies used earlier cohort tended to 
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show smaller effect size of smoking on mortality. Alternatively, since smoking has been so 
common in Japan, individuals who have never smoked may have initially been in poorer health, 
which resulted in the small mortality difference between never-smoked and smoked (Ozasa et 
al., 2008). If the health difference between smokers and non-smokers is smaller, the impact of 
smoking on explaining health inequalities becomes smaller.  
7.4.2.2 Perceived stress 
Similar to material and behavioural factors, perceived stress showed shared and 
independent contribution to health inequalities.  
In terms of role of stress to explain health inequalities, this factor attenuated the RII for 
household income for both genders whereas adjustment for the stress measure enlarged the 
RII for household J-SEC in men. The reason for the opposing roles of stress relates to the 
coefficients between SEP indicators and perceived stress (section 6.3.2.3, p.129). That is, lower 
household income was associated with greater risk of perceived stress, while the association 
tended to be inverted in relation to household J-SEC. As a result, the contribution of perceived 
stress to self-rated health inequalities in Japan was not consistent with studies in Western 
countries where stress psychosocial factors have generally been shown to attenuate health 
inequalities (Power et al., 1998, Marmot et al., 1997, Wen et al., 2006).  
This finding links to two types of potential biases: in the associations between SEP and 
stress, and between stress and health outcomes. First, in terms of the association between SEP 
and stress, the crude, single-item measure of perceived stress used in the CSLC samples 
(‘Currently, do you have anxiety or stress in your daily life?’) may be prone to reporting bias 
according to SEP. Earlier studies have reported that the perception of subjective stress may be 
higher, with a lower reporting threshold, in high SEP individuals (Stansfeld et al., 1998, Kunz-
Ebrecht et al., 2004). Despite the possibility of such reporting bias according to SEP, however, 
the different directions of the association between SEP indicators and stress imply that reporting 
bias alone does not explain the association between household J-SEC and stress. It may be 
possible that individuals at high SEP measured by social class experienced stress unknown to 
them prior to the prolonged economic recession. It has been reported that, in the early 2000s, 
companies reported to be planning to implement wage restructuring towards merit-based rather 
than seniority-based systems in order to overcome the prolonged recession, and that greater 
changes were expected in managerial rather than lower class employees (Casey, 2005). The 
time of the survey, year 2001, was during such period of substantial business restructuring. It 
may not be surprising, therefore, that individuals at higher SEP have been subject to the 
pressure of such invasive changes to their security which until then had been taken for granted.  
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Second, the association between perceived stress and self-rated suboptimal health could 
potentially be prone to bias and an association between them could be spurious. It is possible 
that individuals with suboptimal health experience more stress (reverse causation), that 
perceived stress measured in CSLC overlapped with self-rated health in a way, or that it may be 
reporting bias. Regarding reporting bias, a sharp contrast in two studies implied potential of 
such bias in the measure of perceived stress. A study examined myocardial infarction and 
perceived stress, for which the information on exposure (stress) was collected retrospectively, 
showed significant association between perceived stress and the disease (Rosengren et al., 
2004). In contrast to this, a study which assessed the association prospectively reported a lack 
of association between perceived stress and objective health outcomes (Macleod et al., 2002). 
The contrasting findings of the two studies indicate that the association between perceived 
stress and health outcomes may be due to that individuals experienced negative health 
outcome tended to report more stress in their past. In this regard, however, studies have 
reported the potentially large impact of financial difficulty or declines in job security on health of 
higher SEP. As discussed earlier (p. 138-), it has been found that protective resources 
accumulated in high SEP groups lessen in times of financial difficulty (Osika and Montgomery, 
2008, Osika et al., 2006, Montgomery et al., 2007). The adverse influence of reduced job 
security on health in the period of recession was reportedly even greater in high end of 
socioeconomic hierarchy (Vahtera et al., 2000, Vahtera et al., 1997). In Japan, since the mid-
1990s, it has been reported that all-cause, cancer, circulatory diseases and suicide mortalities 
appeared to have increased among those who are at high SEP (Wada et al., 2012). This study 
used unlinked dataset and did not use theory-based occupational classification, and, therefore, 
the reliability of findings in relation to SEP is still a subject of further investigation. The age-
standardised all-cause mortality rate for the total Japanese population in this study is, however, 
robustly estimated, and it provides strong evidence that the secular decline in the all-cause 
mortality rate of the Japanese population has slowed down since the mid-1990s. Between 1985 
and 1995, the decline in the all-cause mortality rate was 19%, from 366 to 296 per 100,000, 
while between 1995 and 2005 it was 6% from 296 to 279 per 100,000. The suggestion of 
increased suboptimal health at high SEP, therefore, corresponds to the association between 
household J-SEC and stress, where higher social class tended to show higher prevalence of 
stress. Population health is the sum of health of different population groups, including different 
socioeconomic groups. The potentially worsening health among those at higher SEP may have 
contributed to such declining speed of health improvement for Japanese population. 
The influence of perceived stress in health inequalities, as the proportion of shared 
contribution has suggested, involved other mediating factors. These are likely to be behavioural 
– the associations between stress and excessive alcohol consumption (Chandola et al., 2008), 
smoking (Heikkila et al., 2012), unhealthy eating behaviour (Chandola et al., 2008, Lallukka et 
al., 2008) and sleep problems (Elovainio et al., 2009) have been documented. Interestingly, in 
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the household J-SEC model in men, the shared and independent influence of perceived stress 
on health inequalities was opposite: the independent influence of perceived stress had 
attenuated social class inequalities in self-rated health, while shared influence had increased 
them. Even though it is not possible to distinguish the mediating factors involved in shared 
influence, the opposite direction of the shared and independent contributions of perceived 
stress may be due to the involvement of behavioural factors. That is, behavioural factors have 
worked towards strengthening health inequalities, while perceived stress has tended to play the 
opposite role, as seen in Table 32 (p. 130). As a result, the proportion explained by perceived 
stress showed an opposite direction between shared and independent contributions. 
7.4.2.3 Social relational factors 
Social relational factors included in the present study were marital status and living alone, 
and these did not explain women’s health inequalities in relation to household income 
independently. A relatively large total contribution was shown in both sexes, and a relatively 
large independent contribution in men’s health inequalities. The effect sizes of RII in base model 
were different, and hence the percentage accounted was not necessarily comparable between 
men and women, and J-SEC and income. However, the lack of independent contribution of 
these factors on health inequalities in women is contrary to an expectation given that women 
showed steeper income inequalities in marital status. This may be due to that the lack of 
associations between three out of four parameters of social relational factors and health in 
women (Table 26, p.122) In Japan, there may be greater favourable effects among men 
compared with women of social support from family members and friends (Ikeda et al., 2008), 
living in multigenerational household (Ikeda et al., 2009), and being married (Honjo et al., 2009). 
Gender inequality is still substantial in Japan (Hausmann et al., 2012), and responsibility for the 
household, children and parents falls largely on women (Ikeda et al., 2009). Even though 
homemaker women benefit financially and relationally from marrying a man who has usually a 
higher income and a stable employment than women, the health benefits of marriage and living 
with others may be greater in men. 
In addition to gender difference in gains and losses by marriage in Japan, the measure 
used to assess social relational aspects in Chapter Six may relate to the finding. Greater 
benefits of social relational aspects on health in women than in men have been reported in 
studies using community collective social capital (Kim et al., 2011, Eriksson et al., 2011, 
Kavanagh et al., 2006, Stafford et al., 2005). Potential explanations for such gender difference 
include the longer time spent by women in local residential areas, gender difference in the 
perception of problems in the community, and greater vulnerability in women regarding local 
hazards, such as crime (Stafford et al., 2005). The difference of such reports of greater 
influence of social capital on women’s health in Western countries from the analyses in this 
thesis would be due to the measure used, with the latter mainly measuring domestic aspects. A 
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different measure of the social relational aspect would show a different impact on health, as well 
as gender, and this should be further developed in future research in Japan. 
7.4.2.4 Conceptualisation of mediation process 
The conceptual model used in Chapter Six simplified the complicated pathways linking 
SEP and self-rated health (Figure 22, p.112). In the model tested, each mediating factors was 
conceptualised to have direct and indirect influences on self-rated health. Even though the 
overlapping shared influence was calculated, the temporal order of multiple factors was 
unspecified. For example, the effect of housing tenure has shown to involve shared and 
independent direct influences. In the shared part, it is likely that housing tenure influences 
stress and subsequently behaviour, while such a temporal order was not specified in the 
analyses.  It would be more plausible to model the influence of material factors, for example, not 
only directly to self-rated health via physical housing conditions, but also through other factors 
such as stress, behaviour, and relational aspects (for example, see Sacker et al., 2001, van 
Oort et al., 2005). Therefore, even though the analyses in this thesis suggested the associations 
between the mediating factors and self-rated health, more detailed analyses, such as path 
models, are needed to clarify the paths involved in health inequalities in Japan. 
7.4.2.5 Gender differences in distribution of mediating factors 
In the present mediation analyses, when the model was adjusted for all mediating and 
confounding factors without including interaction terms between these covariates and gender, 
the gender interaction was marginally significant for household J-SEC and suboptimal health, 
and significant for household income and suboptimal health (data not shown). These gender 
differences in health inequalities, however, were not present when gender interaction terms 
(gender*risk factor) for all confounding and risk factors were included in the model, allowing 
different distributions of these factors according to gender, parallel with stratification as 
explained (p.113) (data not shown). This implies that health inequalities were significantly 
different, shallower in women, when the prevalence of risk factors is same between genders, 
while health inequalities were essentially same when different distributions of risk factors were 
allowed. The complicated gender difference in the distribution of risk factors made health 
inequalities resemble between genders in Japan. Some factors are more relevant to either 
gender, as shown by the percentages explained health inequalities for each gender. 
Interventions aiming to improve health inequalities, therefore, may need to take account such 
gender differences. 
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7.4.2.6 Differences of health inequalities measured by different SEP measures 
Housing tenure can be used as a proxy measure of SEP in studies, as it indicates 
material well-being and wealth (Galobardes et al., 2006a, Bartley, 2004). In the CSLC 2001, in 
Chapter Six, the magnitude of inequalities measured by household income, household J-SEC 
and housing tenure were somewhat different. Both household income and housing tenure 
showed significant association with self-rated health while effect sizes for odds ratio for social 
housing were double that of RII for household income. RII for household J-SEC was non-
significant in women, and smaller in men compared with that for household income (Table 26, 
Tables 27-29, and Table 40). Part of the reason for these differences would be the number of 
categories and the distribution. Compared with household income, which consisted of 10 levels, 
both household J-SEC and housing tenure were cruder with three and five levels, respectively. 
As reported earlier (p. 140), the effect sizes became smaller when tertile household income, 
mirroring the household J-SEC more closely, was used. Furthermore, in the household J-SEC, 
around a half of the sample was assigned to class I compared with approximately equal sizes of 
categories in household income. This would have undermined the power for J-SEC to detect 
health variations. The largest odds ratio was observed in social housing in men and lodging in 
women. While the reason for such gender differences according to housing tenure is not clear, 
the magnitude of health inequalities measured by these housing tenures was similar to or 
greater than RII for household income. This is likely to be because these housing tenures 
captured the most disadvantaged SEP, hence the closeness to RII which is a comparison of the 
extreme ends of the SEP hierarchy, taking account of the distribution in between.  
7.4.3 Limitations and strengths of analyses  
First of all, the use of a cross-sectional dataset to examine mediating factors was a 
limitation of this study in a sense that it cannot establish causal direction due to the lack of 
temporal order. Associations present in survey data are prone to reverse causality. Earlier 
studies have suffered the same difficulty (e.g. Sacker et al., 2001, Aldabe et al., 2011, Molarius 
et al., 2007), and it would be useful to replicates similar analyses using longitudinal data.  
Second, in addition to misclassification due to the crude measure of behaviour, reporting 
bias and measurement error may exist. For example, behaviour is multidimensional, and the 
effect of smoking differs with age of onset, the number of cigarette intake per day, cigarette 
characteristics, and the degree of inhalation (Ezzati and Lopez, 2003, Russell et al., 1973, 
Stead and Lancaster, 2007), and all these are, at the same time, subject to the accuracy of 
recall (Brigham et al., 2010). Diet and alcohol intake also have been the subject of considerable 
discussion on desirable methods of measurement (Thompson and Subar, 2008, Greenfield and 
Kerr, 2008). Although self-reported current smoking status may agree well with cotinine level in 
Western populations (Steptoe and McMunn, 2009, Yeager and Krosnick, 2010), the questions 
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in the CSLC have never been validated by comparing with objective measures of behaviour or 
health status. When intermediate variables are poorly measured, mediating effect are likely to 
be underestimated and the remaining direct effect of exposure to outcome is likely to be 
overestimated (Schisterman et al., 2009, Baron and Kenny, 1986) due to residual confounding 
(Fewell et al., 2007).  
Third, systematic differences in rating attitude of self-rated health according to 
sociodemographic characteristics may exist, due to differences in expectation of health or 
factors influencing on judgement of health (Dowd, 2012). For example, socioeconomic 
differences in rating could result in either under- or over-estimation of health inequalities, 
depending on whether health is rated better or worse than objective health status. In Japan, to 
the best of the knowledge, only one study has examined SEP differences in rating attitude 
(Nishi et al., 2012), while the sample of this study was aged over 65 years residing in an area in 
Japan, and follow-up was relatively short period.  Potential bias in SEP difference in rating 
attitude for working-age general Japanese population remains as a subject of future research. 
Fourth, since the CSLC surveys only involved living individuals, the exclusion of deaths 
prior to the data collection might have resulted in underestimation of suboptimal health, and 
subsequently health inequalities. Although not substantial, an analysis taking account of dead 
showed slightly larger health inequalities for income than that using information only for living 
individuals in Japan (Asada and Ohkusa, 2004). In addition, the dichotomised self-rated health 
outcome did not supply information on severity. It has been reported that when continuous 
measure of self-rated health was used with recording death at the poorest health status, health 
inequalities were greater than those measured by the dichotomous health without including 
deaths (Benzeval et al., 2011). Taking these points account, therefore, the analyses using 
dichotomous self-rated health of only living individuals of the CSLC data would have provided 
conservative estimates of magnitude of health inequalities. 
The strengths of the analyses of the assessment of influence of mediating factors on 
health inequalities in Japan were the use of wide range of factors and multiple SEP indicators 
with a large nationally representative sample. The use of a bootstrap method and inclusion of 
interactions enabled a systematic examination and provided a useful quantification of impacts of 
mediating factors. In the previous chapter, multiple imputation [MI] was conducted to impute 
missing household income. The analyses using the imputed dataset showed that the conclusion 
of time trends, as well as the association between lower income and suboptimal health, was 
unchanged (see section 5.4.4, p. 107). Missing data for household J-SEC and the mediating 
factors were n=2,174 and n=2,589, respectively, (3.6% and 4.3% of the total sample of 
n=60,074, respectively), which would be too small to exert any practical difference in estimates.  
The analyses in this chapter should be repeated using longitudinal data with appropriate 
temporal order and validated measures. A potential dataset ideal for the purpose could be J-
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SHINE, which mainly contains urban working-age sample around Tokyo. It was set up around 
2010 and planned to follow 10,000 samples at least five years (Kawakami, n.d.). The range of 
factors included in the survey is rich and detail with the use of validated measures. 
7.5 Limitation of self-rated health as outcome measure 
Self-rated health was used as the outcome measure in this thesis. As discussed in the 
earlier section on the literature review (section 3.2.1.1, p.49-), self-rated health is a measure 
that is suitable to capture overall, multidimensional health status, and makes it possible for 
researchers to capture dimensions of health which are generic but not disease-specific. Also, it 
was considered to be responsive to changes likely to influence on health, and hence the useful 
measure to assess time trends in health inequalities in the CSLC survey series. 
However, this measure has some limitations. First, though many studies have shown the 
association of self-rated health with mortality, what is actually being measured is not very clear 
(Jylha, 2009). As discussed earlier (p. 51), in a study of British and French civil servants, up to 
some 40% of variance in self-rated health was explained by 1) early life factors and family 
history, 2) sociodemographics, 3) psychosocial factors, 4) health behaviour, and 5) health status 
(Singh-Manoux et al., 2006), while more than half of the variance remained unexplained. 
Among the factors examined, physical health factors contributed the most, followed by 
psychosocial factors. Correlation with biomarkers was not strong, in many cases between 0.1 
and 0.2 (Lekander et al., 2004, Tomten and Hostmark, 2007, Hasson et al., 2006). The factors 
included to explain self-rated health in any one study are limited, and it is possible that 
dimensions that were not measured, such as subtle bodily sensations which are only felt by 
oneself, may be important for the evaluation of one’s own health (Jylha, 2009). Indeed, self-
rated health was associated with mortality after adjusting for physical and cognitive functions 
and morbidity in prospective cohort studies (DeSalvo et al., 2006), and it predicted mortality 
after adjustment for physician’s assessment of health, although the study was not a blinded 
assessment (Desalvo and Muntner, 2011). Self-rated health has been reported to be responsive 
to changes in physical, mental and other health-related aspects over time, and the proportionate 
importance of these factors may change over time (Perruccio, 2009). Despite the popular use of 
the measure, therefore, ‘what self-rated health measures’ still remains unclear and stability of 
factors contributing for evaluation of one’s health appeared to change over time.  
Second, as briefly discussed in limitations of the time trend and mediation analyses 
(p.141 and 150), there may have been differences in rating attitude according to socioeconomic 
position [SEP]. Systematic differences in rating attitude of self-rated health by SEP may exist, 
due to differences in expectation of health or factors influencing the evaluation of health, and 
this could lead to either under- or overestimation of health inequalities, depending on whether 
health is rated better or worse than objective health status (Dowd, 2012). In Japan, however, a 
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recent study reported that the predictive ability of self-rated health of all-cause mortality did not 
differ by educational level among the Japanese population in four years of follow-up (Nishi et al., 
2012).  
Third, the rating attitude according to SEP and the importance of factors determining self-
rated health may change over time. For example, although the greater contribution of physical 
than mental health has been reported (Singh-Manoux et al., 2006), the impact of mental health 
in rating self-rated health may have become greater when the media coverage about mental 
health, such as depression and the increasing number of suicides, increased. Changes in 
diagnostic criteria of mental disorders or the advances of technology in detecting disease over 
time may also have an influence on rating attitude by giving a diagnostic ‘label’ to conditions. . 
In 17 years follow-up of older age population, the association between self-rated health and 
morbidity became weaker, and, despite the increase in the number of chronic diseases, self-
rated health tended to remain stable (Galenkamp et al., 2013). This indicated that the 
association between objective health status and self-rated health may change over time. 
Furthermore, changes in rating attitude over time may be different by SEP. A study found that 
variation in self-rated health as well as time trends of each level of self-rated health were 
different according to surveys in the US, and greater discrepancies were observed in younger 
respondents, Hispanics, and those of lower educational attainment (Salomon et al., 2009). In 
Japan, although there is no study which has assessed the difference of associations between 
self-rated health and objective health status over time, hazard ratios of self-rated fair or poor 
health for all-cause mortality in elderly population were around 2.00 in studies conducted in 
1990s and 2000s (Murata et al., 2006, Nishi et al., 2012). In future surveys in Japan, the 
inclusion  of an ‘anchoring vignette’, a question asking how a given health status would be rated 
(Dowd, 2012), may help to improve the comparability of the measure across surveys in different 
populations and times by enabling researchers to adjust for the potential difference in rating 
attitude.     
Forth, though self-rated health predicts disease prognosis (Pedersen 2011), recovery 
(Benyamini et al., 2013) and all-cause mortality during 30 years of follow-up (Larsson et al., 
2002, Bopp et al., 2012), it has recently become clear that the predictive power of self-rated 
health for mortality may decline with increasing length of follow-up (Singh-Manoux et al., 2007, 
Bopp et al., 2012). The reason of such attenuation of the association is not clear, while it may 
relate to the pattern of death over life course (Larsson et al., 2002). Further, the strength of the 
prospective association of self-rated health with different causes of death – cancer, 
cardiovascular, alcohol, suicide, or other violent causes – differs considerably (Larsson et al., 
2002). It has been reported that self-rated health is likely to be stable up to age 50 (McCullough 
and Laurenceau, 2004), and its predictive ability of mortality appeared to be better for the 
younger population (Singh-Manoux et al., 2007). In Japan, for the elderly population, the 
association between fair and poor health status and mortality was between HR 2.26 and 2.47 
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(reference category: the highest self-rated health), respectively, within 3 years from baseline 
survey, and it declined to 1.69 for fair health and non-significant 1.22 for poor health for the 
period between 3 and 7 years (Murata et al., 2006). While there is a lack of studies examining a 
longer period including the younger population in Japan, there appeared to be a decline in the 
predictive power of self-rated health, and the findings in this project should be understood to be 
more relevant to public health in the near future. 
Fifth, the extent explained by mediating factors in health inequalities in 2001 may have 
influenced in rating attitude by SEP difference not only in self-rated health but also in 
behaviours. In the CSLC 2001, the questions about behaviours asked for respondents’ 
subjective evaluation of their behaviour – whether he or she considered that they exercised 
adequately, did not drink too much, or ate healthily. If the threshold of healthy and unhealthy 
behaviours was different by SEP, this would have resulted in over- or underestimation of 
socioeconomic inequalities in these behaviours. As a result, the proportion explained by the 
behavioural factors in Chapter Six may have been greater or less than the true effect of the 
behaviour. 
In summary, the use of self-rated health involved several limitations in terms of what was 
being measured, potential, though probably small, biases in rating attitude by SEP, and 
changes in these over time. The degree of contribution of the mediating factors to health 
inequalities shown in analyses in Chapter Six may change over time. Even though the V-
shaped trends of population health, improvement followed by deterioration, and stable or 
narrowing health inequalities were found, the extent that these patterns would be replicated in 
objective health, such as morbidity, disability or mortality rates, is not clear (Dowd and Todd, 
2011, Layes et al., 2012).  
7.6 Future research 
Although health inequalities narrowed or remained stable, such trends were observed 
simultaneously with the deterioration in population health in Japan based on self-rated 
suboptimal health after 1995. This indicated that even the narrowing health inequalities did not 
contribute to overall improvement of health. Population health is a sum of health of various 
population subgroups. It is important, therefore, to understand how and why favourable trends 
in health inequalities go together with worsening trends of health for Japanese population.    
Compared with the accumulation of evidence in west, the mechanisms leading to such 
disparity have been less investigated, particularly on material, psychosocial and social relational 
aspects, or various pathways operating simultaneously. Using cross-sectional data, this PhD 
project has shown that these factors have been related to the observed socioeconomic 
inequalities in self-rated suboptimal health, measured by household social class and household 
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income. As discussed, the measures utilized and the analyses were prone to some biases, such 
as reverse causality, reporting bias, misclassification bias, and residual confounding. It is ideal, 
therefore, that these analyses are replicated using longitudinal data with validated measures. 
Findings in existing studies seem to be inconsistent partly due to the use of poorly 
defined occupational classification. This difficulty has undermined the capacity to draw an 
integrated picture of recent trends in health inequalities in Japan. The latest review of evidence, 
published in 2009, found that the evidence on occupational inequalities in health is uncertain, 
while that for income- and education-related inequalities in health largely agrees with the new 
findings reported in this thesis. In this thesis it has been explained why occupational inequalities 
in health have been less consistent than health inequalities measured using other SEP 
indicators. The inconsistency was considered mainly due to the use of occupational 
classification which does not differentiate status-related aspect – whether employer or 
employee. These resulted in the mixture of social position in categories when such a 
classification was applied to general population living in a community.  It will be informative to 
summarise evidence in the context of the validity of SEP measure employed in studies.  
As an extension of this PhD project, an alternative outcome, such as self-reported 
neurosis or relevant symptoms, may be of interest. Since the late 1990s suicide rates has 
increased in particular in men, and these outcomes may contribute to clarify further the 
contribution of psychological aspect on time trends in health inequalities.  
Other dimensions of health inequalities, such as area effects, life-course perspectives, 
gender differences, and minority population have been little addressed in Japan, mainly due to 
the lack of necessary data. To the best of knowledge, other competing explanations of health 
inequalities, for example health selection and social mobility, have not been examined. Validity 
of measures frequently used in studies, including exposures, outcome, and intermediate factors, 
has hardly been documented. These perspectives, explanations, and validation of measures 
should be researched in order to enhance the understanding of health inequalities and capacity 
to inform national strategies.  
In order to enable such extension of research in health inequalities, the quality and 
availability of data is an essential issue. It is important that CSLC, a series of government 
survey, is continued and extend the inclusion of health outcomes and risk factors. Meantime, it 
is necessary to improve the quality of data collected by revising the questions. Although 
ambitious to expect in near future, it is critical importance that objective data, in particular 
mortality, becomes electronically available for research purpose in Japan.  
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7.7 Policy implications 
In Japan, perspectives on health inequalities had been lacking in national strategies on 
health policies until recently. The first ‘Healthy Japan 21’, national strategies of promotion of 
population health for 10 years, was initiated in 2001 (Sakurai, 2003) and focused on influence of 
health-damaging (or promoting) aspect of behaviours but not structural determinants of such 
behaviour. This emphasis is similar to the US where health is regarded to be the responsibility 
and under the control of individual (Goldberg, 2012). Strategies to improve health have relied 
heavily on individualistic approach in Japan. 
The second stage of ‘Healthy Japan 21’ was implemented in 2012, and it set a target to 
reduce area (prefectural) disparity in healthy life expectancy, defined by the absence of 
limitation in daily living or self-rate suboptimal health calculated by using CSLC data, as one of 
its objectives (MHLW, 2012). Although it is not yet clear whether aspects other than area 
disparities of health are considered or how area disparities in healthy life expectancy are 
redressed, the inclusion of the term ‘socioeconomic inequalities in health’ (in Japanese, kenko 
no shakai kakusa) was a major step forward. This indicated that health inequalities are included 
in national monitoring system of health. This is an important advancement in order to inform 
policies. It becomes even more important to improve the definition of questions in CSLC series. 
In the meantime, further development of research and accumulation of evidence should be 
urged in order to inform strategies to reduce health inequalities. 
Based on this PhD project, national policies should have perspectives of health 
inequalities in order to redress unequal distribution of health across population subgroups 
defined by income and social class. A recent systematic review on the types of policy 
interventions which are efficient to reduce health inequalities reported that interventions 
focusing on policy level (upstream intervention), such as taxation, are more likely to be 
successful than those which are focusing on individual level factors, such as behaviour 
(downstream intervention) (Lorenc et al., 2013). The latter intervention could result in widening 
health inequalities because individuals at high SEP are more likely to be sensitive to health-
improving information, to take-up new services, and to possess resources available to change 
their circumstances optimal to health improvement.  
In terms of taxation in Japan, a law to increase value added tax passed recently, and the 
tax is planned to increase from current 5% to 8% in 2014 and 10% by in 2015 (Takasaki et al., 
2012). However, unlike the UK, there is no exemption in this taxation, so vital supplies such as 
food and clothing are equally subjects of tax as other general commodities. This imposes 
greater financial burden on lower SEP groups. At the same time, the conservative government 
which returned to power at the last election in winter 2012 has reportedly agreed to propose a 
reduction of welfare benefit to the poorest poor (Tokyo Shinbun, 2013). Even though health 
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inequalities have partially narrowed, the reason for narrowing health inequalities appears not to 
be due to improvement of health of the lower income groups. The planned and proposed 
changes in taxation and welfare provision are rather opposite to what would be necessary to 
improve health of lower SEP in general, and, therefore, raise a concern on financial and 
subsequent health impact on lower SEP groups. It is even more important, therefore, to monitor 
changes in health inequalities in future. 
In terms of downstream strategy, the focus on individual behavioural factors to improve 
health has at least not resulted in widening health inequalities in Japan. Although such 
observation might have been confounded by changes in various other factors over time, 
including the effect of recent social changes, the measures taken to date should be 
recommended to continue. However, even though health inequalities have not widened, as 
preliminary analyses of the association between mediating factors and SEP indicators have 
shown, socioeconomic disparities in the mediating factors have been observed. It is therefore 
possible that the influence of these SEP disparities may widen health inequalities in the near 
future. Therefore, it is crucial to establish an official system to monitor health inequalities.  
Regarding psychosocial aspects of health inequalities, it was considered that the adverse 
influence of social changes on health was not limited to those at the lower end of the 
socioeconomic hierarchy but also includes those in higher SEP. As discussed in Chapter One, 
there have been increases in anxieties among the Japanese about their living circumstances 
and the future of the country since the economic recession began. These anxieties have 
included worries about financial plans after retirement. In Japan, due to an increasingly ageing 
population, there is a pressure of rising expenditure on social security and health. However, the 
accumulation of a massive national budget deficit, the highest level among developed countries 
and 196% of GDP in 2012 (Takasaki et al., 2012), has raised a concern about the sustainability 
of the social security system, including pensions and welfare benefits at their current levels. It 
has been reported that countries with high levels of social protection were less likely to 
experience a rise in suicide rates even if the unemployment rate rose (Stuckler et al., 2009).  
The psychosocial effect of macro social changes, therefore, may be averted by a well-planned 
national strategy. In particular, Japan needs to develop sustainable social security and financial 
systems. 
A health benefit for women due to marriage was absent in contrast to that for men. This 
may relate to the fact that gender divisions in the public and private spheres are still substantial 
in Japan. As mentioned elsewhere (p.148), historically family members are expected to look 
after one another, and in general it is mainly women’s responsibility to take care of household 
and family members (Ikeda et al., 2009). Child care and elderly care systems exist, but there is 
an excess of demand over supply. A reduction of gendered division in roles in households and 
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increases in services for child and elderly care may reduce the gendered difference in gains and 
losses associated with marriage. 
In sum, policies to reduce health inequalities and subsequently improve population health 
should be a combination of policies focusing on upstream and downstream interventions. It is a 
challenge to develop sustainable social services and interventions in a time of recession, an 
increasing ageing population, and a massive financial deficit. Nevertheless, in order to improve 
population health, it is crucial to find strategies to overcome such difficulties.  
7.8 Conclusion 
Through the analyses presented in this thesis, it has been shown that health has been 
unequally distributed among the Japanese population. Such disparities have been reduced but 
not eliminated in relation to household income and are persistent in relation to household J-
SEC. The narrowing health inequalities for household income appeared to be due to an at least 
equal deterioration of health between the lower and higher SEP groups.  
The dataset used did not supply information usable for an investigation of mechanisms in 
changes in health inequalities over time; instead, the analyses were based on a cross-sectional 
study. Mediating factors which have been identified in preceding studies mainly conducted in 
Western countries have indeed been found to have contributed to health inequalities in Japan. 
These results may imply that changes in socioeconomic distribution of the mediating factors 
have influenced the time trends in health inequalities observed in Japan. Given the slowed 
improvement of population health of the Japanese (Wada et al., 2012), including the V-shaped 
time trend of suboptimal health observed in the present study, narrowed health inequalities 
have not contributed to the improvement of population health. It has been discussed in this 
thesis that health advantages of higher SEP relative to lower SEP may have declined over time.  
The health outcome used in this project was self-rated health, which has been shown to 
be significantly associated with various objective health outcomes, including mortalities. 
Between 1986 and 2007, the average population attributable risk fraction (or population 
proportional attributable risk in Kirkwood (2003)) due to having lower income than the highest 
income decile was 22.7% (95%CI 18.6, 26.5) and 14.7% (95%CI 10.7, 18.5) for men and 
women, respectively, after adjusting for age, marital status and prefecture (see detailes in 
Appendices Table 45, p.209). This indicated that 23% in men’s and 15% in women’s self-rated 
suboptimal health would have been prevented if everybody had incomes at the level of the 
highest income decile. Past studies have shown a 1.5 to four times greater risk of mortality for 
those, including Japanese, who have reported poor rather than good health (see p. 50 and 
Appendix Table 33 on p.188 for more details). The impact of social inequalities of health on 
population health is, therefore, substantial.  
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At the beginning of this thesis the question was posed as to whether Japan still remains 
an archetype of health equity, whether Japan has adopted the right policies pertaining to health 
inequalities, and whether factors identified as having shaped health inequalities in Western 
countries have similarly contributed to the health inequalities in Japan.  The answers to these 
questions derived from the assessments in this thesis were not straightforward. Health 
inequalities exist in Japan, based on household social class and income, and factors identified 
to mediate pathways between SEP and health in Western countries were indeed shown to 
influence health inequalities in Japan. Even though life expectancy between 1986 and 2007 
increased (by 4 years in men and 5.1 years in women) (OECD, n.d.), and health inequalities 
have narrowed in relation to income, population health as indexed by self-rated health has 
declined. This may partly be due to a mismatch of policies in response to the adverse social 
changes in Japan, and to an increased anxiety and worries among the Japanese in relation to 
current and future living conditions. These findings from Japan contribute to understanding the 
possible health impacts of economic stagnation in the wider international community, where 
economic recession started only recently and recovery remains uncertain. An important 
implication is that national strategies for health should include policies to tackle both unequal 
social distributions of health and the prospect of deteriorating overall health.  
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Appendices 
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Table 33 Literature review: The association between self-rated health and objective health outcomes, studies conducted after 2000 
 
Author Study year/study 
type/country/n=/age 
Self-rated 
health[SRH] 
Outcome Results Note 
(Lekander et 
al., 2004) 
2000/ 
CS/ 
Sweden/ n=265/ 
1-5 (ordered 
continuous) 
pro-inflammatory 
cytokines (IL-1β,  
TNF-α) 
IL-1β: r=0.27* & β= 0.24*,  
TNF-α: r=0.46* & β = 0.46* in women, but both outcomes were NS in men. 
 
Lack of relation in men 
may be due to much 
smaller sample size in 
men than in women. 
(Christian et 
al., 2011) 
2004-2009/ CH/ USA/ 
n=250/ 
1-5 (ordered 
continuous) 
pro-inflammatory 
cytokines (IL-6, C-
reactive protein) 
IL-6: r=-0.33* & β = 0.26 
C-reactive protein: r=0.28* & β=0.12† 
Genders 
 were combined. 
(Jylha et al., 
2006) 
1988-1993/ CH/USA/ 
n=4065/ 65+ 
1/0 
(dichotomising 5 
levels SRH) 
Haemoglobin, 
blood white cell 
count, albumin, 
HDL-C, creatinine 
Greater counts in these biomarkers were associated with 1.3 to 2.3 times 
greater risk of fair or poor health.  
Genders 
were combined. 
(Tomten and 
Hostmark, 
2007) 
2000/CS/ Canada/ 
n=18770/ 30+ 
1/0 
(dichotomising 4 
levels SRH) 
High HDL-C OR ranged between 2.1 to 4.9 for good health in relation to high HDL-C, 
depending on age, in both genders. 
Genders 
were stratified. 
(Yamada et 
al., 2012) 
2009-2010/CS/ Japan/ 
n=3744/ 49(SD 12) 
3 (categorical) Various 
biomarkers, 
chronic diseases 
or conditions, and 
healthy 
behaviours 
OR for cancer, stroke, CHD, hypertension, diabetes, dyslipidemia showed 
dose-response association with 1 unit increase towards unhealthier SRH. 
BMI(25+), white cell, SBP(130+), DBP(85+), hypertension, and other blood 
markers showed less healthier values in poorer SRH. 
Weight gain, infrequent exercise, and smoking all showed greater OR towards 
poorer health.  
Participants were 
individuals visited a 
hospital for health 
examination 
(Kanagae et 
al., 2006) 
2001 /CS/ Japan/ 
n=542/40+ 
1/0 
(dichotomising 4 
levels SRH) 
The number of 
comorbidities 
One number increase in the number of comorbidities was OR 1.44 times risk of 
poor health. 
Response rate: 30% 
Sample was female 
only. 
(Grundy and 
Glaser, 2000) 
1988-1994/CH/ 
UK/n=2243/ 55-69 
1/0 
(dichotomising 4 
levels SRH) 
Disability score Poorer SRH was associated with 1.9 times greater risk of worsening disability. Genders 
were combined. 
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(Hillen et al., 
2003) 
1995-1998/CH/ UK/ 
n=561/ 69(SD 14) 
1 vs 4 in 4 level 
SRH 
Disability  Poor SHR showed OR 3.9 for disability one year later after stroke. Genders 
were combined. 
(Kuper et al., 
2006) 
1991-2002 
CH/Sweden/ n=48,066/ 
30-50 
1-3 (categorical) Coronary heart 
disease mortality 
Worst SHR at baseline showed HR 3.9 times greater risk of CHD death. Samples were all 
women. 
(Jylha et al., 
2006) 
1988-1993/ CH/USA/ 
n=4065/ 65+ 
1/0 
(dichotomising 5 
levels SRH) 
All-cause mortality Dose-response relation, poorest SRH HR 3.6. Genders 
were combined. Poorer 
two categories did not 
show significant 
difference.  
(Gerber et al., 
2009) 
1992-2005/ CH / Israel/ 
n=1521/ 54 (SD 8) 
1/0 
(dichotomising 5 
levels SRH) 
All-cause mortality Dose-response association between poorer SRH and mortality. Risk of 
mortality for poorest baseline SRH was HR 4.4. Time-dependent SRH showed 
HR7.6. 
Samples were 
individuals discharged 
hospitals at baseline. 
(Perlman and 
Bobak, 2008) 
1994-2001/ CH/ 
Russia/ n=11,482/ 40-
43(SD 16-18) 
1-5 (categorical) 
& 1/0 
(dichotomising 5 
levels SRH) 
All-cause mortality Poorer two SRH showed HR1.7 times of risk of mortality in both genders.  Gender was stratified. 
Better three categories 
did not differ in risk of 
mortality in men. 
(Burstrom and 
Fredlund, 
2001) 
1975-1997/   Sweden/ 
CH/ n=170,223 /16+ 
1-3 and 1-5 (5 
levels SHR was 
made into 3 
level) 
All-cause mortality Dose-response association between poorer SRH and mortality. RR ranged 
from 4.1 to 10.3 in working age population. SRH-mortality association 
appeared to diminish after retirement age with increasing age. 
Genders 
were combined. 
(Singh-
Manoux et al., 
2007) 
1985-2004/ CH/ UK/ 
n=10,301/   44 (SD 6) 
1-5 (categorical) All-cause mortality Dose-response association between poorer SRH and mortality. Relative index 
of inequality [RII] 3.5 for men, and 4.7 for women in <10 year follow-up. RII 
were NS after 10 years. 
Gender was stratified. 
Poorer two categories 
did not show significant 
difference. 
(Bardage et 
al., 2001) 
1984-1996/ 
CH/Sweden/ n=628/ 
36-93 
1/0 
(dichotomising 4 
levels SRH) 
All-cause mortality RR 2.5 for poorer health.  Genders 
were combined 
(Murata et al., 
2006) 
1992-1999/ CH/ Japan/ 
n=2490/ 65+ 
1-4 (categorical) All-cause mortality Dose-response association was observed in women (HR up to 2.9) while 2nd 
poorest health showed strongest association in men (HR2.1). Associations 
were stronger <3 years than 3+ years follow-up. 
Gender was stratified. 
Poorer two categories 
did not show significant 
difference 
(Ferraro and 
Kelley-Moore, 
2001) 
1971-1992/CH/ USA/ 
n=6598/ 
1-5 (ordered 
continuous) 
All-cause mortality 1 unit increase towards worse health was RR 1.1 using baseline SRH, and 1.3 
as time-dependent SRH. (1.15=1.6, 1.35=3.7, respectively) 
Genders 
were combined 
(Han et al., 
2005) 
1992-1995/CH/ USA/ 
n=905/21+ 
1-5 (ordered 
continuous 
All-cause mortality 1 unit increase towards poorer health was HR1.2 for baseline SRH. (1.25 =  
2.5) 
Sample was female 
only. 
(Miller and 1993-2002/ USA/ CH/ 1-100 (ordered All-cause mortality 1 unit increase towards better health was OR 1.02 (1.02100=7.2) Genders 
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Wolinsky, 
2007) 
n=3129/ 70+ continuous) were combined 
(Idler et al., 
2000) 
1971-1992/ USA/ CH/ 
n=6913/ 25-74 
1-5 (categorical) All-cause mortality Dose-response association between poorer SRH and mortality in men but not 
in women. HR was 1.9 for the worst health compared with the best SRH at 
baseline in men. No association in women. 
Gender was stratified. 
Poorer two categories 
did not show significant 
difference. 
(Liang et al., 
2002) 
1987-1999/ CH/ Japan/ 
n=7174/ 60+ 
1-5 (ordered 
continuous) 
All-cause mortality RR 1.2 for 1 unit increase in SRH towards poorer health (1.25 =  2.5) Genders 
were combined 
(Liang et al., 
2003a) 
1987-1990/ CH/ Japan/ 
n=7174/ 60+ 
1-5 (ordered 
continuous) 
All-cause mortality RR 1.2 for 1 unit increase in SRH towards poorer health. (1.25 =  2.5) Gender was combined 
 
The table shows results for minimum adjustment, often gender (if not stratified), age, and minimum health variables.  
CS: cross-sectional; CH: cohort study. 
HR = hazard ratio; RR = risk ratio; OR = odds ratio; r = correlation coefficient; β: regression coefficient.  
NS: not significant; † : marginally significant association. Otherwise, values in the table were all significant association. 
RR, OR, or HR were all presented the risk of a given objective health outcome, and when possible, the risk comparing two extreme ends of self-rated health 
categories were calculated and given in brackets () at the end of result.
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Table 34 Logistic regression of non-respondent to the household income question 
according to household size, 1986-2007 
 
 Single household 2 member household 
3 member 
household 
4 member 
household  
5 or more member 
household 
1986 4.27(3.94,4.62)* 1.00 0.68(0.63,0.73)* 0.74(0.69,0.79)* 0.51(0.47,0.54)* 
1989  1.25(1.16,1.34)*    
1992  0.87(0.80,0.94)*    
1995  0.99(0.92,1.07)     
1998  1.56(1.45,1.68)*    
2001  1.63(1.52,1.76)*    
2004  1.89(1.75,2.03)*    
2007  2.80(2.61,3.01)*    
Interaction terms between household size and survey year 
1986 1.00  1.00 1.00 1.00 
1989 0.78(0.70,0.87)*  1.14(1.03,1.25)* 0.97(0.89,1.06)  0.97(0.88,1.07)  
1992 0.84(0.75,0.94)*  1.28(1.16,1.42)* 1.06(0.96,1.16)  1.24(1.12,1.38)* 
1995 0.65(0.58,0.73)*  1.24(1.12,1.37)* 1.12(1.02,1.23)* 1.14(1.03,1.26)* 
1998 0.51(0.45,0.57)*  1.11(1.01,1.22)* 1.05(0.96,1.15)  1.32(1.20,1.45)* 
2001 0.55(0.49,0.61)*  1.20(1.09,1.33)* 1.07(0.97,1.17)  1.31(1.19,1.44)* 
2004 0.40(0.35,0.45)*  1.29(1.16,1.42)* 1.13(1.03,1.24)* 1.40(1.27,1.55)* 
2007 0.37(0.33,0.42)*  1.27(1.16,1.40)* 1.12(1.02,1.23)* 1.43(1.29,1.57)* 
 
*  p-value <0.05
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Figure 24 Linearity tests of household income decile and self-rated suboptimal health, 
1986-2007 
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Upper two rows are men, and lower two rows are women. All tests were adjusted for categorical age. 
Sample size was n=398,303. X-axis is log probability of self-rated suboptimal health, and Y-axis is 
household income decile. p-values shows the result of the likelihood tests for linearity. ‘hold’ indicated that 
p-value for a linearity test was not significant by 5% level, hence the assumption held. ‘violated’ indicate 
the p-value for linearity test was significant by 5% level, hence the assumption was violated. 
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Figure 25  Linearity tests of household J-SEC and self-rated suboptimal health, aged 20-
59, 1986-2007 
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Upper two rows are men, and lower two rows are women. All tests were adjusted for categorical age. 
Sample size was n=352,415. X-axis is log probability of self-rated suboptimal health, and Y-axis is 
household J-SEC. p-values shows the result of the likelihood tests for linearity. ‘hold’ indicated that p-value 
for a linearity test was not significant by 5% level, hence the assumption held. ‘violated’ indicate the p-
value for linearity test was significant by 5% level, hence the assumption was violated. 
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Figure 26 Pattern of missingness in household income in pooled datasets, 1986-2007 
(pooled) 
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 373,538 - - 
            
 92,671 ✔ - 
            
 25,051 - - 
            
 15,595 - - 
          
 13,424 - ✔ 
          
 5,967 ✔ - 
          
 1,931 - - 
        
 1,692 - ✔ 
Number 
of 
missing 
data 
11,3754 25,185 42,098 0 0 0 0 0 
 
 
Total sample size  529,869  
 
The filled cell indicated observed data, and blank cell is missing data. For example, those who had missing 
data only in household income was 92,671, and those who missed income as well as expenditure were  
13,424. 
‘Recoverable’ indicated the missing data which are possible to be recovered by multiple imputation using 
the subsample ignorable likelihood method, and ‘Unrecoverable’ indicated the missing data which are not 
possible to be recovered due to the simultaneous missingness in household income and expenditure.  
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Table 35 Comparison of estimated and officially reported numbers of household which were approached for the income and savings questionnaire, 
numbers of individual with missing household income and sample sizes after multiple imputation, 1986-2007 
 
 Survey year 
 1986a 1989 1992 1995 1998 2001 2004 2007 Total 
All households          
Number of households approached 
(estimated: A) 
44,060 47,464 43,587 40,886 40,049 40,096 36,522 36,000  
Number of households approached (officially 
reported by the ministrya:B) 
n.a. 42,911 n.a. n.a. 40,430 40,096 36,567 36,285  
Difference in the number of households 
between A and B 
n.a. 4,553 n.a. n.a. -381 0 -45 -285  
Individualsb           
Observed number of individuals with 
missing income data  
11,988 14,994 11,427 11,360 14,512 14,541 16,997 17,935 113,754 
Percentage with missing data (%)c 15.1 18.0 15.4 16.8 23.0 24.2 32.4 36.2 21.5 
Total sample size after the MI          
Men 39,053 41,002 36,193 33,365 31,174 29,566 25,750 24,281 260,384 
Women 40,625 42,193 37,893 34,295 31,923 30,508 26,746 25,302 269,485 
Total 79,678 83,195 74,086 67,660 63,097 60,074 52,496 49,583 529,869 
 
aThe number of households approached was obtained from official website of the survey (MHLW, 2009b) after 1998, and from Funaoka (Funaoka, 1995) for 1989 
b
 Individuals aged 20-59  
cThe percentage was calculated as non-respondent/(non-respondent+observed) 
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Table 36 Odds ratios for household income missing using logistic regression in pooled 
datasets, 1986-2007 
 
Variables Categories OR 
Expenditure (decile)  1 (lowest) 1.00 
 2 0.86(0.83,0.89)* 
 3 1.08(1.05,1.11)* 
 4 0.96(0.94,0.99)* 
 5 0.99(0.96,1.03) 
 6 1.08(1.05,1.12) 
 7 1.26(1.22,1.30)* 
 8 1.18(1.15,1.22)* 
 9 1.32(1.28,1.36)* 
 10 (highest) 1.45(1.40,1.49)* 
Self-rated health  Excellent  1.00 
 Very good 0.99 (0.97,1.01) 
 Good 0.99 (0.97,1.01) 
 Fair  0.99 (0.97,1.02) 
 Poor 1.20 (1.21,1.29)* 
Gender Men 1.00 
 Women 0.92(0.91, 0.94)* 
Age (by 1 year age increase)  0.99(0.99, 1.00)* 
Marital status Married 1.00 
 Not married 1.57 (1.55,1.59)* 
 Widowed  1.21 (1.15,1.27)* 
 Separated  1.74 (1.68,1.80)* 
   
Housing tenure Home owner 1.00 
 Private rent 1.85 (1.82, 1.88)* 
 Work-related 1.70 (1.65, 1.75)* 
 Social housing/agency 1.36 (1.32, 1.39)* 
 Lodging 2.48 (2.37, 2.59)* 
Household size 1 unit increase 0.79 (0.79, 0.80)* 
 
* p-value <0.05 
n=529,869 
Missingness in household income was coded 0=not missing and 1=missing 
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Table 37 The distribution of jobs in the NS-SEC three-category version 
 
Examples of jobs Class Title of class/group in NS-SEC 
Lawyer, scientist, engineer, medical practitioner, 
technician, researcher, pilot, pharmacist, veterinarian, 
university teacher 
I Higher professional occupation 
(with service relationship) 
School teacher, nurse, midwifes, social worker, 
ship/hovercraft officers, physical therapist, midwives, 
school teacher, pottery/glass/cement production 
supervisor, nurse, social worker, artist, counsellor, 
ship officers, sales representative 
I Lower professional and higher 
technical occupation (with 
service relationship) 
Senior officials in government, director and chief 
executives of major organisations, officers in armed 
force, managers, higher class in police officer 
I Higher managerial 
Employers of employee more than 25 I Employers in large 
organisations 
General office clerks/assistant, secretaries, 
receptionist, counter clerks, filing clerks, wage clerks, 
sales related, call centre, police officer (sergeant and 
below), fire officer, prison officer, protective service 
associate professional, nursery nurse, medical 
technician, customer care occupations, travel agents 
II Intermediate occupations 
Engineer, plumber, plasterer, tailor, printer, cook, 
barber, farmer, cleaner 
II Employers in small 
organisations or own account 
workers 
TV engineer, plumber, plasterer, tailor, printer, cook, 
barber, farmer, forestry, fishing related, cleaner, train 
& taxi & bus driver, security guards, postal worker,  
telephonist, home carer, child minder, housekeeper, 
bar staff, dry cleaning, leisure and theme park 
attendants, parking staff, residential warden 
III Employee lower technical, 
semi-routine, and routine 
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Table 38 Test of linear time trends in relative and slope indices of inequality for 
household J-SEC including/excluding moonlight workers, 1986-2007 
 
 Linear trend models (95% CIs) 
Analyses excluding moonlight workers (reported in main text) 
RII for household J-SEC  
  Men 0.998(0.988,1.008)  
  Women 0.997(0.988,1.006)  
SII for household J-SEC  
  Men -0.009(-0.091,0.074)  
  Women -0.030(-0.119,0.060)  
Analyses including moonlight workers (sensitivity analyses of the above analyses) 
RII for household J-SEC   
  Men 0.994(0.985,1.004) 
  Women 0.966(0.987,1.005) 
SII for household J-SEC   
  Men -0.035(-0.117,0.048) 
  Women -0.037(-0.126,0.052) 
 
The estimations are adjusted for age*survey year, prefecture*survey year and household cluster. Linear 
trend is obtained by adding a calendar year (categorical) variable and a ‘linear’ term variable (containing 
an interaction between a socioeconomic rank variable and continuous calendar year). Sample sizes are 
n=352,415 for household J-SEC excluding moonlight workers and n=357,154 for including them.
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Table 39 Relative index of inequality in the association between household J-SEC and mediating factors, 2001 
 
  Men (n=16,106)  Women (n=16,945) 
 
Model a Linearity d  Model a Linearity d 
Material       
Homeownership b Owning 1.00   1.00  
 Renting 2.50(2.07,3.01)* A  3.37(2.79,4.06)* A 
 Work-related 1.03(0.77,1.40)  B  1.21(0.84,1.74)  C(J-shape) 
 Social housing/Agency 6.69(4.93,9.08)* B  10.57(7.92,14.11)* B 
 Lodging 1.84(0.96,3.52) + B  2.42(1.34,4.36)* C(J-shape) 
Living density c Living density  0.04(0.01,0.06)* A  0.09(0.07,0.11)* A 
Behaviour       
Insufficient sleep Sufficient sleep 1.00   1.00  
 Insufficient sleep 1.08(0.95,1.24)  A  1.13(0.99,1.28) + A 
Unbalanced diet Balanced diet 1.00   1.00  
 Unbalanced diet 1.57(1.36,1.80)* A  2.00(1.75,2.28)* A 
Irregular meal Regular meal 1.00   1.00  
 Irregular meal 1.23(1.08,1.39)* A  1.26(1.12,1.43)* A 
No exercise Do exercise 1.00   1.00  
 No exercise 1.33(1.17,1.52)* A  1.64(1.43,1.88)* A 
Smoke Non smoker 1.00   1.00  
 Daily smoker 1.54(1.36,1.75)* B  2.21(1.86,2.63)* B 
 Smoke sometimes 0.97(0.64,1.47)  C  1.15(0.73,1.83)  C 
 Smoke past 0.73(0.45,1.17)  C  0.66(0.33,1.34)  B 
Avoid excess alcohol intake Not excess 1.00   1.00  
 Excess 1.16(1.01,1.33)* D  1.48(1.28,1.71)* A 
Non-attendance to health check-ups Attended 1.00   1.00  
 Not attended 0.96(0.83,1.10)  A  1.43(1.26,1.61)* C(J-shape) 
Psychosocial       
Perceived stress Not stressed 1.00   1.00  
 Stressed 0.93(0.83,1.06)  D(V-shaped)  1.01(0.89,1.15)  D (flat) 
Social relational       
Marital status b Married 1.00   1.00  
 Single 1.83(1.53,2.19)* A  0.82(0.77,0.88)* C(Λ-shaped) 
 Widowed 2.61(1.17,5.84)* B  1.69(1.48,1.92)* B 
 Separated 5.76(3.84,8.64)* B  1.91(1.75,2.10)* B 
Living alone Not alone 1.00   1.00  
 Alone 3.82(2.97,4.91)* B  5.19(3.86,7.00)* B 
 
+
 p<0.1, * p<0.05 
a: Model was adjusted for age, prefectures, and household cluster. Women’s marital status is not adjusted for household cluster since the model did not converge.  
b: Estimated using multinomial logistic regression, and estimates are interpreted same as odds ratio. 
c: Linear regression 
d : Linearity was tested using likelihood ratio test comparing continuous and categorical income adjusting for age, prefecture, and survey year. ‘A’ indicated there was a linear association between income and the outcome (the increase of income was associated with 
changes in outcome) (likelihood ratio test > 0.05); ‘B’ indicated that although there appeared to be a linear association between income and outcome, likelihood ratio test indicated that there was significant departure from linearity (< 0.05); ‘C’ indicated the association 
between income and outcome appeared not to be linear, and likelihood ratio test indicated the significant departure from linearity (< 0.05); and ‘D’ indicated the association was inconsistent (such as up and down).
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Table 40 Odds ratio in the association between potential mediating factors and self-rated 
suboptimal health among the J-SEC sample, 2001 
 
 
 
+
 p<0.1, * p<0.05 
Estimates were adjusted for age, prefecture and household cluster.  
 
 
 
 
  
Men (n=16,106)  Women (n=16,945) 
  
   
Material     
Homeownership Owning 1.00  1.00 
 Renting 1.21(1.03,1.42)*  1.27(1.10,1.46)* 
 Work-related 1.33(1.02,1.73)*  1.26(0.96,1.66)+ 
 Social housing/Agency 1.36(1.07,1.72)*  1.16(0.95,1.43)  
 Lodging 0.97(0.56,1.69)   1.86(1.31,2.66)* 
Living density Living density  1.04(0.87,1.23)   1.19(1.03,1.39)* 
Behaviour     
Insufficient sleep Sufficient sleep 1.00  1.00 
 Insufficient sleep 1.66(1.46,1.89)*  1.64(1.46,1.83)* 
Unbalanced diet Balanced diet 1.00  1.00 
 Unbalanced diet 1.70(1.48,1.94)*  1.31(1.18,1.45)* 
Irregular meal Regular meal 1.00  1.00 
 Irregular meal 1.61(1.43,1.81)*  1.48(1.34,1.64)* 
No exercise Do exercise 1.00  1.00 
 No exercise 1.65(1.45,1.89)*  1.87(1.65,2.11)* 
Smoke Non smoker 1.00  1.00 
 Daily smoker 1.07(0.95,1.20)   1.40(1.23,1.60)* 
 Smoke sometimes 1.10(0.74,1.62)   1.65(1.19,2.30)* 
 Smoke past 1.84(1.30,2.60)*  2.19(1.36,3.52)* 
Avoid  excess alcohol 
intake 
Not excess 1.00  1.00 
 Excess 1.18(1.04,1.34)*  1.12(0.99,1.26)+ 
Non-attendance to health 
check-ups 
Attended 1.00  1.00 
 Not attended 0.96(0.84,1.09)   0.90(0.81,1.00)* 
Psychosocial     
Perceived stress Not stressed 1.00  1.00 
 Stressed 6.59(5.65,7.69)*  7.53(6.40,8.85)* 
Social relational     
Marital status Married 1.00  1.00 
 Single 1.11(0.94,1.31)   0.87(0.74,1.03)  
 Widowed 1.04(0.54,2.01)   0.76(0.53,1.09)  
 Separated 1.28(0.93,1.76)   1.27(1.03,1.57)* 
Living alone Not alone 1.00  1.00 
 Alone 1.44(1.18,1.76)*  0.88(0.68,1.14)  
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Figure 27 Relative index of inequality in self-rated suboptimal health by household J-SEC, p-
values for the test of linear time trend, and a p-value for likelihood ratio test of trend in time 
trends, 1986-2007, men 
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Trend in time trends of RII for household J-SEC in self-rated fair/poor health:
ordered changes (likelihood ratio test p=0.010)
OR 1.003 (p=0.011) by one unit increase in cohort towards younger
 
 
X-axis is relative index of inequality, and y-axis is survey year. P-value for the test of linear time trend is shown 
only when it is significant. The result of likelihood ratio test of a trend in time trends across cohorts is shown at the 
bottom of the figure. Analyses are adjusted for prefecture and household cluster.  
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Table 41 Test of linear time trends in relative index of inequality in self-rated suboptimal health 
by household J-SEC across cohorts in men, 1986-2007 
 
 Year of birth OR 
 1977-78 0.97(0.81,1.16)  
 1974-76 1.00(0.90,1.11)  
 1971-73 0.90(0.83,0.97)* 
 1968-70 0.92(0.86,0.99)* 
 1965-67 0.96(0.91,1.01) 
 1962-64 0.97(0.93,1.02)  
 1959-61 1.00(0.96,1.04)  
 1956-58 0.99(0.95,1.03)  
 1953-55 1.02(0.99,1.06)  
 1950-52 1.03(1.00,1.06) 
 1948-49 1.01(0.98,1.05)  
 
* p<0.05 
ORs correspond to that of time trends in Figure 27. It is interpreted as the magnitude of a change in RII per year. 
Analyses are adjusted for prefecture (with interaction with survey year) and household cluster. 
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Figure 28 Relative index of inequality in self-rated suboptimal health by household J-SEC, p-
values for the test of linear time trend in each cohort, and a p-value for likelihood ratio test of 
trend in time trends, 1986-2007, women 
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Trend in time trends of RII for household J-SEC in self-rated fair/poor health:
no evidence of difference (likelihood ratio test was not significant)
 
 
X-axis is relative index of inequality, and y-axis is survey year. P-value for the test of linear 
time trend is shown only when it is significant. The result of likelihood ratio test of a trend in 
time trends across cohorts is shown at the bottom of the figure. Analyses are adjusted for 
prefecture and household cluster.
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Table 42 Test of linear time trends in relative index of inequality in self-rated suboptimal health 
by household J-SEC across cohorts in women, 1986-2007 
 
 Year of birth OR 
 1977-78 0.96(0.82,1.13)  
 1974-76 0.97(0.87,1.08)  
 1971-73 0.98(0.91,1.05)  
 1968-70 0.98(0.92,1.04)  
 1965-67 1.00(0.96,1.05)  
 1962-64 1.02(0.98,1.06)  
 1959-61 1.01(0.97,1.05)  
 1956-58 1.01(0.98,1.05)  
 1953-55 0.99(0.96,1.02)  
 1950-52 1.00(0.97,1.03)  
 1948-49 1.01(0.97,1.04)  
 
ORs correspond to that of time trends in Figure 28. It is interpreted as the magnitude of a change in RII per year. 
Analyses are adjusted for prefecture (with interaction with survey year) and household cluster. 
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Figure 29 Relative index of inequality in self-rated suboptimal health by household income, p-
values for the test of linear time trend in each cohort, and a p-value for likelihood ratio test of 
trend in time trends, 1986-2007, men 
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X-axis is relative index of inequality, and y-axis is survey year. P-value for the test of linear time trend is shown 
only when it is significant. The result of likelihood ratio test of a trend in time trends across cohorts is shown at the 
bottom of the figure. Analyses are adjusted for prefecture and household cluster. 
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Table 43 Test of linear time trends in relative index of inequality in self-rated suboptimal health 
by household income across cohorts in men, 1986-2007 
 
 Year of birth OR 
 1977-78 0.97(0.83,1.13)  
 1974-76 0.97(0.88,1.07)  
 1971-73 0.95(0.89,1.01) 
 1968-70 0.98(0.93,1.03)  
 1965-67 0.99(0.95,1.03)  
 1962-64 0.98(0.94,1.01)  
 1959-61 0.95(0.92,0.98)* 
 1956-58 1.01(0.97,1.04)  
 1953-55 1.02(0.99,1.05)  
 1950-52 1.02(1.00,1.05) 
 1948-49 1.02(0.99,1.06)  
 
* p<0.05 
ORs correspond to that of time trends in Figure 29. It is interpreted as the magnitude of a change in RII per year. 
Analyses are adjusted for prefecture (with interaction with survey year) and household cluster. 
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Figure 30 Relative index of inequality in self-rated suboptimal health by household income, p-
values for the test of linear time trend in each cohort, and a p-value for likelihood ratio test of 
trend in time trends, 1986-2007, women 
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Trend in time trends of RII for household income in self-rated fair/poor health:
heterogeneous (likelihood ratio test p=0.014)
  
 
X-axis is relative index of inequality, and y-axis is survey year. P-value for the test of linear time trend is shown 
only when it is significant. The result of likelihood ratio test of a trend in time trends across cohorts is shown at the 
bottom of the figure. Analyses are adjusted for prefecture and household cluster. 
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Table 44 Test of linear time trends in relative index of inequality in self-rated suboptimal health 
by household income across cohorts in women, 1986-2007 
 
 Year of birth OR 
 1977-78 1.01(0.88,1.16)  
 1974-76 0.97(0.89,1.05)  
 1971-73 1.00(0.94,1.06)  
 1968-70 0.93(0.89,0.98)* 
 1965-67 1.02(0.99,1.06)  
 1962-64 1.00(0.97,1.04)  
 1959-61 1.00(0.97,1.03)  
 1956-58 1.02(0.99,1.05)  
 1953-55 1.00(0.97,1.03)  
 1950-52 1.01(0.99,1.04)  
 1948-49 1.00(0.98,1.03)  
 
* p<0.05 
ORs correspond to that of time trends in Figure 30. It is interpreted as the magnitude of a change in RII per year. 
Analyses are adjusted for prefecture (with interaction with survey year) and household cluster. 
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Eestimation of population attributable risk fraction 
Population Attributable Risk Fraction   =   p (RR – 1) / ( p (RR – 1 )  +  1) 
p = prevalence of risk factor 
RR = risk ratio 
 
Table 45 Distribution of self-rated suboptimal health and dichotomous household income, 
1986-2007 
 
 Self-rated health  
 0(excellent-good) 1(fair & poor) Total 
Men    
Highest decile 18,230 1,446 19,676 
2nd-10th deciles 15,719 16,101 173,820 
Total 175,949 17,547 193,496 
    
Women    
Highest decile 18,269 1,856 20,125 
2nd-10th deciles 16,4825 19,857 18,4682 
Total 183,094 21,713 204,807 
 
Men 
RR = (16,101 / 173,820) / (1,446 / 19,676) = 1.2604384 
p = 173,820/193,496 = 0. 89831314 
Population attributable risk fraction 
= p (RR – 1)/(p (RR – 1) + 1)  
= 0.89831314*(1.2604384-1) / (0.89831314*(1.2604384-1) +1 )  
= 0.18959783 
 
Women 
RR = (19857/184682) / (1856 / 20125) = 1.1658616 
P= 184682/204807 = 0.90173676 
Population attributable risk fraction 
= p (RR – 1)/(p (RR – 1) + 1)  
= 0.90173676*(1.1658616-1)/(0.90173676*(1.1658616-1) + 1) 
= 0.1301046 
 
Using the above cross-tabulation, the population attributable risk fraction for men between 1986 and 
2007 is calculated to be 19.0% in men and 13% in women. The estimates given in main text are 
adjusted for age, marital status, prefecture, and household cluster, hence they do not correspond to 
the calculation presented here.
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2. Title: Inequalities in self-rated health in Japan 1986 to 2007 according to household 
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